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EXPERIMENTAL STUDIES ON TUBERCULOUS INFECTION! 


ALLEN K. KRAUSE 


From the Kenneth Dows Tuberculosis Research Fund, of the Medical Clinic of the Johns Hopkins 
Hospital and University 


The issue of tuberculous infection turns on many circumstances. 
Time, place, manner and dosage of infection help to shape the final 
result. The character of the infecting agent plays its part. Whether 
exposure to the agent is single, occasional or frequent, whether passing 
or brief, or continuous or persistent, means much. 

The host contributes no less to the event. Animal bodies vary also, 
individually and collectively, in inborn structure and function, in ac- 
quired modifications or new-begotten attributes of these, in status or 
condition at the time of infection and during its existence. Without 
capacity to react to the infecting agent, animals would exhibit no change 
from normal; in other words, no disease. Their congenital variability 
of reaction is plain to all who observe: and we postulate, therefore, 
that, granted that every other element which enters into the act of 
infection were a constant, every animal would begin its tuberculous 
career not exactly like any other animal. 

With every act of infection the body takes on new powers of highly 
variable quality. Prominent ones are specific hypersensitiveness and 
immunity. These come into being with infection and only with infec- 
tion. They grow as the latter develops and extends; they wane as it 
subsides. They modify markedly, in turn, new infections and extensions 
of infection. They are, at the same time, responsive to functional 
disharmonies: they thus reflect physiological disturbance with some 
delicacy, and come, therefore, under the influence of many environmental 
factors which put their mark upon the body. Could we analyze condi- 
tions completely and chart our data, we should find at work, in every 
instance of tuberculous infection, a ceaseless interplay of hypersensi- 
tiveness and immunity, on the one hand, and infection on the other, 
with all three always and quite independently subject to the bodily 
effects of the operation of outside forces. 


1 A lecture before The Harvey Society, New York City, January 21, 1922. 
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But the above by no means exhaust the factors which enter into the 
making of what we have come to recognize as tuberculosis. In every 
case, tuberculosis, in large measure, is what it is because the infectious 
agent has come to rest at certain places, and there survived and perhaps 
flourished. First focalization in tonsils sets in motion a vastly different 
chain of possibilities than first focalization in intestines: neither can 
initiate exactly the same sequence of events that would follow first 
focalization in the lung. [If first focalizations represented the beginning 
and end of tuberculosis, the infection would conceivably be of little or 
no importance; for a good argument might be erected on the thesis that 
manifest tuberculosis, originating within the body, is never the expression 
of lesion confined solely to the point where bacilli first lodged within the 
tissues. It is after bacilli reach out from these resting places that they 
make their presence known clinically: it is then that we are called upon 
to diagnosticate tuberculous lymphadenitis of neck; or tabes mesenterica 
or peritonitis; osteitis or synovitis; nephritis, epididymitis, pulmonitis, 
pleuritis, or meningitis; or generalized miliary infection. Every one 
of these affections, so far as the animal economy is concerned, is a disease 
peculiar to itself, and differs from every other one in immediate etiology, 
physiological pathology, semeiology and prognosis. It happens, there- 
fore, that what we may call the paths of infection, the avenues by which 
tubercle bacilli proceed from place to place within the body, become 
essential determinants of every case of tuberculosis. They constitute 
the framework on which is strung, piecemeal and bit by bit, the patho- 
logical background, the tout ensemble, of progressive tuberculosis. No 
man can comprehend tuberculosis, until he has grasped the full signifi- 
cance of the opening sentence of Straus’s classical book, which defines 
it as a “‘general disease characterized by miliary eruptions in the various 
organs.” 

It has become a commonplace that under the conditions of natural 
infection tuberculosis begins at a single point, as an isolated and dis 
crete tissue graft—if you will allow the epithet. For the moment let 
us fall in with the idea and let us picture the existence of such a focus 
anywhere in the body. Let us give further play to imagination as 
we follow its growth and extension. It will conceivably increase its 
boundaries by concentric or appositive growth. But in animal tissues 
spatial relations between channels of communication—vascular, lym- 
phatic and visceral—are microscopic; and the new formation must very 
quickly come in contact with these. And now, unless the periphery of 
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our globular tubercle is thoroughly impermeable, bacilli will gain access 
to whatever channels the focus touches. 

What, now, determines where these bacilli will settle? Various fac- 
tors, no doubt, factors which at any time may operate either cumulatively 
or oppositely. Some of these may be regarded as being predetermined, 
and acting always according to natural law. The general direction of 
bacilli being transported along lymphatics and veins or arteries or bronchi 
or intestines will be fixed and predictable. But it requires little analysis 
to appreciate how largely, perhaps predominantly, chance will enter 
into their focalization. 

It was chance, no doubt, which established the exact point where the 
first focus originated; chance which decided whether egress of bacilli 
should take place from this focus into lymphatic or blood vessel or 
visceral channel. The physiological activities of these avenues of trans- 
port are continually passing through a wide range of change. The 
amount of lymph and the velocity and pressure of its flow, the dynamic 
condition of the circulation of the blood, the calibre of lymphatics and 
capillaries, the anatomic state, the motility and the contents of intestines, 
the functional integrity or disturbances of bronchi, bronchioli and air 
vesicles, at and during the time that tubercle bacilli have access to them, 
will, all of them, contribute to the preparation of the soil where the 
germs shall lodge. And, in a vast number of instances, the conditions 
of this nature which the bacilli will encounter must, at any particular 
time, be surely fortuitous. At its culmination, every case of tuberculosis 
represents, in some degree, the fruition of a long sequence of accidental 
circumstances. 


The foregoing recital is not meant to stretch the obvious to the point 
of platitude. It is put forward to indicate how catholic must be our 
attitude in interpreting the genesis and march of tuberculosis. It sub- 
mits that any generalization which postulates that a single factor is 
responsible for the beginning and spread of infection, as we find it, 
is thoroughly unscientific. It admits the influence of dosage and char- 
acter of infectious agent; of point of entrance into the body; of native 
resistance and acquired immunity of the host; of place of first focaliza- 
tion and the latter’s relation to paths of dissemination and much more 
besides; insisting, moreover, on the by no means minor réle which the 
accidental circumstances of time and environment play. It would ham- 
mer home that whenever we come upon tuberculosis, what we see repre- 
sents the summation of a multitude of forces. 
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Yet, numerous as these forces are, and much as they make for almost 
illimitable variation of detail, observation and experience point out 
unmistakably that there are certain elements of regularity in the course 
which tuberculosis follows. Every observer knows how capricious and 
casual the time and place of tuberculous infection can very often be. 
Nevertheless, if we attend to tuberculosis at large, we shall be impressed 
by certain habits that stamp the appearance of tuberculosis within the 
human body. Prominent among these are (1) that in early life it comes 
to light most often as an affection of parts other than the lungs, that 
after adult age is reached the pulmonary cases are so disproportionately 
frequent that they dominate the field, and that during the step-like 
transition from early childhood through adolescence and into maturity 
the number of cases of manifest extrapulmonary infection falls off at the 
same time that frank lung tuberculosis increases in incidence; and (2) that 
when discrete tuberculosis does appear clinically in the lungs of children 
—and this happens very often—it begins, as a rule, at the roots of the 
lungs or has progressed from there, while discrete active tuberculosis of 
the adult originates in almost every case at or near the periphery of the 
lung, and usually at a particular part of this, namely, the summit. 
These general features of tuberculous infection have always attracted 
attention and provoked comment which has been largely contradictory 
and has thus far failed of rational explanation. Their relatively con- 
stant occurrence raises the presumption that, so far as the possibilities 
of tuberculous infection go, there are decisive constitutional differences 
between young human beings and adults; for it does not appear likely 
that the modes of receiving first infection in the two groups are so habit- 
ually different as to account for later uniformity of variation in localiza- 
tion, and at present we have no data whatever which would allow us to 
postulate that hypothetical qualities like local resistances are respon- 
sible or decisive for or against local development of infection in so general 
a way. It happens that experimental work, which for several years 
has been in progress in the Kenneth Dows Laboratory of the Johns 
Hopkins Hospital and which was originally designed to study more 
minutely other well known phases of tuberculous infection, has been 
yielding information which may, perhaps, have a bearing on human 
infection, as outlined above. This work is still so very incomplete that 
its results do not as yet allow the formulation of a chain of evidence 
with all links tight and in proper sequence. It is therefore presented 
here with some hesitancy; and any inductions from it that may be applied 
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to the matter of human infection are put forward as mere hints and sug- 
gestions, and with a disclaimer of any intention to ask assent further. 


A number of years ago, while I was at the Saranac Laboratory, we 
were accustomed to infect guinea pigs experimentally with a stock strain 
of human tubercle bacilli of low virulence. Doctor Trudeau had isolated 
this culture in 1890 from the lungs of a cadaver with generalized miliary 
tuberculosis and had designated it “‘R1.”’ After several years of incu- 
bator existence it lost much of its original virulence for guinea pigs, but 
for twenty-five years it has continued at about the same level of 
attenuated virulence. 

Year after year gross infection, the result of this microérganism, would 
appear remarkably uniform. Subcutaneous inoculation of the germ 
would arouse the development of regional bubo within two or three 
weeks when, too, as autopsy disclosed, consecutive involvement of 
several successive groups of lymph nodes—superficial inguinals, deep 
inguinals, iliacs, etc—came gradually into view. With excessively 
few exceptions, subcutaneous R1 infection was never fatal for guinea 
pigs, nor did it appreciably affect their general health or fecundity. I 
kept many of these infected guinea pigs alive for two and three years, 
and one for at least five years, and studied them; and, in inheritance 
experiments, mated them at frequent intervals over long periods, and 
observed them bearing litter after litter, without abortion and without 
physical let down, yet all the time infected and reacting to tuberculin. 

R1 infection would take on a characteristic distribution. Its most 
striking feature was—again, with very few exceptions—a thorough 
absence of gross visceral lesion. Cnce in a great while an animal, per- 
haps a pregnant one, would exhibit a nodule or two in the spleen, with or 
without a smaller pinpoint or pinhead focus in a lung; but I should be 
surprised if this occurred more than once in a hundred times. The 
almost invariable finding, on ordinary examination, was normal spleen, 
liver and lungs, with palpably involved lymphatic chain from the super- 
ficies in the groin to the cisterna, and with the amount of involvement 
diminishing progressively from node group to node group as one pro- 
ceeded from the periphery toward the main lymphatic trunk. The 
course of events seemed plain and impressed us about as follows: Tu- 
bercle bacilli of low virulence, put in the subcutaneous tissue of the 
groin, have been carried to next-adjacent lymph nodes and, arrested 
there for the most part, have set up infection. A few have passed on 
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from these nodes to the next group, and fewer still to the third in line, 
and so on; in their transit arousing lesion proportionate to their diminish- 
ing numbers. Their initial virulence was low: therefore, by the time 
a third, fourth or fifth group of nodes was reached, infection became 
spent and extended no further, because the small number of these slightly 
virulent germs which may have been carried beyond was incapable of 
arousing tissue response. In a few animals, environmental influences, 
of which pregnancy may be considered one, modified constitutional 
function in a way and to an extent that permitted an extraordinary 
development of bacilli, which then proceeded further along the paths 
of metastasis, and settled and provoked lesion where all factors were 
most favorable. 

At least so the case impressed me. With firm faith in the Cohn- 
heim-Cornet-Ribbert Law of Localization I needed no more striking 
demonstration of its infallibility than this constantly recurring demon- 
stration provided by R1 infection. 

After the lapse of a few years, I began to examine Ri guinea pigs more 
closely; and then found that there was something more to this type of 
infection than involvement of the inguinal and retroperitoneal lymph 
nodes. Besides this, all such animals exhibited gross tubercle of the 
tracheobronchial lymph nodes; to an extent sometimes, that the latter 
would seem more involved than the nodes next to the portal of entry. 
Accordingly, our revised gross picture of R1 infection was diminishing 
involvement of the succession of nodes which drained the portal of 
entry and lesion of those nodes which received lymph from the lungs, 
with all other intervening structures free. In other words, in the guinea 
pig there were two centres which bore the brunt of infection, two cen- 
tres without, so far as was known, direct and integral communication, 
and as widely separated as could well be. It was easy to understand 
why gross infection appeared in those nodes at the periphery and those 
in direct line of continuation from these. It was not so easy to conceive 
in satisfactorily exact terms why infection should skip from iliac or 
paraortic nodes to tracheobronchials without leaving its marks between. 
And it became our problem to trace this relationship. 

As a first step, we designed experiments to study the sequential or 
serial appearance of visible tubercle throughout the body, in both tem- 
poral and spatial relations. The following outline may serve as a skele- 
ton of the plan: 
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Since our purpose was to discover the appearance of bacilli and lesion 
in viscera as well as in lymphatic system, virulent bacilli were used for 
inoculation. Guinea pigs were infected subcutaneously in the groin. 
Observation of effects began four days after inoculation and were re- 
peated daily or at intervals of several days up to twenty-six days 
thereafter. At these times two infected guinea pigs were killed. After 
the gross lesions of each were carefully noted, the tissues of one were 
preserved for microscopic study of infection, while the second animal 
was disposed of in the following way: 

Its body was shaved and washed, and then wrapped in cloths soaked 
with 5 per cent carbolic acid. Tissues were then removed through suc- 
cessive incisions, beginning at the cephalic end and with only enough 
of the cloth wrapping removed to expose the field of operation. Tracheo- 
bronchial nodes, both lungs, spleen and iliac nodes—so long as they did 
not exhibit gross lesion—were removed in the order named. Each lot 
of material was then crushed into a pulp and, in the form of a suspension, 
inoculated into a separate normal guinea pig. 

Material from all sources, even from those guinea pigs which had 
been infected only four days, always produced tuberculosis in the test 
animals. In other words, bacilli introduced into the subcutaneous 
tissues of the groin had within four days passed all barriers and made 
the complete lymphatic and vascular circuit of the body: for by tissue 
inoculation they were recovered from regional lymphatic chain, from 
lungs which would receive them from venous blood, from tracheobron- 
chial nodes which would get them from pulmonary lymphatics, and 
from spleen in which they would settle out from the arterial circulation, 
from blood that had passed through the lungs. 

But the real surprise of the experiment developed as we watched 
tuberculosis progress in the test animals from day to day; for with per- 
fect regularity, infection developed earlier and progressed further in 
those guinea pigs which had been injected with tracheobronchial nodes 
than in those which had received all the material of both lungs. The 
only plausible explanation of this circumstance was that from four to 
twenty-six days after infection of the original animals, their tracheo- 
bronchial nodes had received and retained more bacilli than had their 
lungs. 

Contributory evidence, tending to validate this opinion, came to 
light as we followed the appearance and progression of gross lesion in the 
originally infected animals. During the twenty-six days of the per- 
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formance of this part of the experiment, visible tubercle never appeared 
in the lungs, while from twenty-two days on the lung lymph nodes were 
unquestionably tuberculous. Since the time that this peculiar rela- 
tionship of lungs and tracheobronchial nodes first impressed us, we 
have carefully observed the condition of these organs in guinea pigs of 
other experiments of ours, which involve autopsies at serial intervals 
after infection; and we have found it to be a practically invariable fea- 
ture of guinea pig tuberculosis that, no matter how infection of these 
animals is induced, their tracheobronchial nodes will show gross tubercle 
earlier than their lungs. It is significant also that protocols of experi- 
ments, set down in recent publications of Rogers (1) and of Baldwin 
and Gardner (2) on the consequences of infection of guinea pigs by 
inhalation, record the same sequence of events. 

In the course of the above experiment we observed the following 
consecutive order of appearance of infection: the first definite gross 
lesion of superficial inguinal lymph nodes at six days after infection and 
the first necrosis at twelve days; the first suggestion of lesion of iliac 
nodes at six days and the first undoubted involvement at twelve days; 
the first undoubted changes in the spleen at twelve days; in the tracheo- 
bronchial nodes, as has been already mentioned, at twenty-two days; 
no visible tubercle in the lungs during the twenty-six days of the ex- 
periment; and bacilli and microscopic changes in iliac nodes at four days 
and in tracheobronchial nodes at twelve days. 

The data, thus far assembled—the visible involvement of tracheo- 
bronchial nodes with normal appearing lungs after infection of low 
virulence, the earlier development of gross tubercle in the nodes after 
virulent infection, and the apparently greater content of bacilli in the 
nodes—all pointed to the probability that in the guinea pig physiologi- 
cal, and therefore anatomical, relations were of a nature to favor the 
elimination of tubercle bacilli from the lungs themselves into their 
lymph nodes. And our further experiments and observation proceeded 
with this proposition as a working hypothesis. 

As a next step, we set ourselves to discovering, if possible, upon what 
factors quantitative involvement of the tracheobronchial nodes might 
depend. Virulent infection, always subcutaneous, of many guinea pigs 
and systematic observation of its results at varying intervals over long 
periods brought to light relations which may be summarized broadly as 
follows: 
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Aside from infection of the regional lymph nodes, involvement of 
the spleen is the most constant and striking feature. Enlargement of 
the hepatic lymph nodes, those which drain the liver, is observable at 
about the time that splenic tubercle appears and antedates gross changes 
in the liver. The liver may in time exhibit much involvement, or it 
may not: as a rule, the spleen is much more extensively affected. For 
a considerable time, and long after the spleen has become highly tuber- 
culous, the lungs are usually entirely free from gross changes or show 
comparatively little infection. If the animal lives long, the lungs may 
come to be more and more involved as time goes on. The tracheobron- 
chial nodes may be very markedly diseased with little or nogross tubercie 
in the lungs: this combination is common and will be enlarged upon in 
a moment. 

In short, what is significant is the apparent proneness of the spleen 
to infection, with a corresponding refractoriness of the lungs. And 
what is particularly noteworthy is to find so many animals with marked 
involvement of the tracheobronchial nodes, yet with normal-looking 
lungs. We accordingly directed our attention to ascertaining, if possi- 
ble, the conditions of infection elsewhere which accompanied or set the 
pace for that in these nodes. 

It was found that whenever the lungs were severely diseased their 
nodes were likewise. But it was also apparent that infection of these 
nodes ran parallel with infection anywhere in the body, even though 
the lungs escaped. And since the spleen is the viscus which always 
shows most involvement, unless infection is generalized, the usual thing 
was to find the condition of the lung nodes reflect that of the spleen. 

Summed up, then, the results of virulent subcutaneous infection of 
guinea pigs are remarkable because of three circumstances: First, in the 
fact that the spleen represents what we may call the main depot of in- 
fection; second, that, as a rule (there are exceptions), the lung is rela- 
tively spared until late; and third, that as infection progresses in any 
viscus there is an accretion of tuberculosis in the proper nodes of the 
lung (the tracheobronchials). 

When, now, we come to inquire into what paths were taken by bacilli 
which, starting at the periphery of the body, made their way along the 
regional lymphatic chain and came finally to lodge in spleen and tracheo- 
bronchial nodes, we must bear in mind that there is not, as some authors 
have assumed, any direct lymphatic communication from retroperitoneal 
lymphatics to either spleen or tracheobronchial nodes. Time does not 
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permit of a recital of reasons why the bulk of infection did not come to 
tracheobronchial nodes through their own artery of supply, either at 
the time of inoculation or after peripheral infection had been initiated: 
another publication from our laboratory (3) cites experiments which 
rule out this probability. The tracheobronchial nodes receive almost 
all their lymph from the lungs; the lungs have brought to them all venous 
blood; into the venous system empties the thoracic duct which is the 
direct continuation and termination of the retroperitoneal lymphatic 
trunks, Until positive evidence to the contrary is brought forward, 
therefore, we can entertain no other assumption than that the course of 
bacilli has been through dorsal lymphatic trunk to veins, at the junction 
of internal and external jugulars, and thence through right heart and 
pulmonary artery to lungs where some bacilli are embolized in capillaries 
or venules, thence out of the smaller blood vessels and into the lymphatic 
system of the lung and back to tracheobronchial nodes. For the time 
being let this stand as the method of transportation: we shall try to 
prove its actuality in a few moments. 

The spleen must receive its infection through its own artery of supply, 
which brings to it germs which have passed through the pulmonary 
capillaries and continued along the systemic arteries. Such bacilli 
must be carried everywhere by the arteries; and the next problem that 
confronted us was why the spleen of the guinea pig usually exhibited so 
much tuberculosis, while other organs, particularly the lungs, had little 
or none. We start with what must be a fact, namely, that more bacilli 
get to the lungs by the pulmonary artery, which brings all venous blood, 
than to the spleen by the splenic artery which carries only a fraction of 
the arterial blood—blood, too, from which some germs must have been 
withdrawn during its intervening passage through the lungs. We then 
might imagine either that the inherent nature of splenic tissue is more 
favorable to the development of tubercle than is that of lung tissue—a 
matter of comparative resistances, in other words; or that the structure 
of the spleen is such that it promotes the retention of bacilli while that 
of the lung tends to rid the organ of incoming germs. 

The first supposition was hardly tenable. Although not a little 
speculation on the subject is on record, we know of no demonstrable 
scientific evidence that would support an idea of inherent tissue resist- 
ance to tuberculosis. We were also mindful of the fact that, in general, 
splenic involvement is not an impressive feature of tuberculous infection 
of the several species of susceptible animals, while pulmonary disease 


- 
a 
\ 
ie 


EXPERIMENTAL STUDIES ON TUBERCULOUS INFECTION 11 


frequently is; and it was difficult to imagine that the same organs of 
different animals were at bottom physiologically or immunologically 
at variance. 

But most significant in this connection was the circumstance that 
subcutaneous infection of the rabbit leads, as a rule, to a distribution 
of gross visceral tubercle which is almost an exact reversal of that found 
in guinea pigs. In rabbits we generally find marked involvement of the 
Tungs with little or no gross change in the spleen; and, more remarkable 
still, even though pulmonary tuberculosis is extreme the tracheobron- 
chial nodes are but slightly or only moderately affected. Studies were 
accordingly planned to investigate first, the more minute normal anatomy 
of rabbits’ and guinea pigs’ lungs and second, the focalization, trans- 
mission and development of infection in rabbits’ lungs. It will be, per- 
haps, more logical to present the anatomic studies first. 

If microscopic sections are made of normal lungs which were fixed in 
distention, minor, though perhaps important, differences are readily 
observable between the tissues of guinea pigs and rabbits. ‘The muscula- 
ture of the former is much heavier and more pronounced, and bespeaks 
a more active motile function; as one finds when one attempts to distend 
guinea pig lungs by pouring fluid into the main bronchus, when it is the 
rule to find branches leading to one or several lobes clamping down and 
preventing expansion of these parts. 

At the same time, the lymphatic vessels are more prominent in guinea 
pig lungs. They seem much larger and more widely open, particularly 
those in the walls of the pulmonary arteries and bronchi. It may 
also be mentioned here that the tracheobronchial nodes are relatively 
of much greater size than are those of the rabbit. 

Perhaps the most striking feature of normal rabbits’ lungs is the oc- 
currence throughout the entire section of many aggregations of what 
look like lymphoid tissue. There can be little doubt that not a few 
observers have regarded them as pathological formations: I may avow 
the same error when I first came across them. They are, however, a 
normal constituent of all mammalian lungs; and, although they have 
received practically no attention in systematic: pathological or clinical 
literature, it is significant that their existence has been recognized for 
at least fifty years and remarkable that it was guessed at by Franciscus 
Sylvius (de la Boe) in the chapter on phthisis in his Opera published in 
1679. 
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Ten years ago, William Snow Miller, of the University of Wisconsin, 
whose studies have added so much to our knowledge of lung structure, 
brought these intrapulmonary masses more sharply to the attention of 
anatomists (4). He made it plain then that the masses really consist 
of lymphoid tissue. They occur normally in three forms: first, as 
true lymph nodes, second, as lymph follicles and third, as more ill-de- 
fined, small aggregations of lymphoid tissue of variable size. They are 
distributed along the course of lymphatics, peribronchially, perivascularly 
and subpleurally, always at places where bronchi, arteries and veins 
divide. Their occurrence and arrangement have been, says Miller, 
“passed over lightly in general descriptions of the histology of the lung;” 
and he hazards the opinion that they must be of interest to the patholo- 
gist because they “frequently serve as centres to which, by means of the 
lymph vessels, disease processes may be conveyed” and “‘to which the 
phagocytes carry their collected material,’ and they “act as filters 
interpolated in the lymph circulation.” Méiller’s paper was published 
in the Anatomical Record. It would appear that pathologists have been 
slow to grasp its significance, and more particularly the implication of 
the following statement: ‘‘I have followed through serial sections numer- 
ous small miliary tubercles situated in the parenchyma of the lung,” 
says Miller; “in every instance I have been able to trace their origin to 
one of the situations in which I have described lymphoid tissue as being 
present in the normal lung.” This observation was made on human 
lungs: in the course of his investigation, Miller examined the lungs of 
the dog, cat, rat, guinea pig, rabbit and man. 

As above stated, this intrapulmonary lymphoid tissue is a striking 
feature of sections from rabbits, because it occurs so abundantly and is 
so well developed in them. By contrast, the lungs of guinea pigs show 
little. It does exist in the latter, especially in association with the larger 
bronchi toward the hilum; but from midlung to the periphery, in areas 
where sections of normal rabbits’ lungs will appear spotted with these 
little dark collections, those of the guinea pig will usually seem almost 
clear, and it will take very close examination to detect the presence of 
only a very few lymphoid cells at the customary locations of the masses. 

By the time our work had reached this stage, we had in hand the 
following data: In rabbits there is a marked tendency for tubercle to 
accumulate in the lungs; the lungs of guinea pigs show no such inclina- 
tion. Nevertheless, the tracheobronchial nodes appear to have a pe- 
culiar liability to infection, while those of the rabbit participate in the 
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process to a relatively small extent. From anatomical observations, 
one gets the impression that lymphatic drainage through the lung and 
to the nodes is much more open and active in the guinea pig than in the 
rabbit: lymphatics appear larger and more widely open in the former, 
vascular and bronchial musculature is much more highly developed, 
and intrapulmonary lymphoid tissue, to intercept bacteria on their 
lymphatic journey from lung to lymph nodes, is much less abundant. 
Is it not, therefore, a fair provisional assumption that these basic struc- 
tural differences are, to some extent at least, responsible for the striking 
differences of focalization of infection; that, on the one hand, in the 
rabbit, normal anatomic relations favor the fixation of bacilli in the 
lung, while, on the other hand, in the guinea pig, they make for their 
passage through the lung and on to its lymph nodes? 

But more striking evidence in favor of the presumption that animals 
differ in fundamental anatomic relations, in a way that may be decisive 
for variation in the focalization of infections, was about to be disclosed. 
In the autumn of 1918, Doctor Miller came to the Kenneth Dows Labora- 
tory to spend a year on the study of anatomic phases of experimental 
pulmonary tuberculosis. Among other things, he investigated the 
blood supply to the intrapulmonary lymphoid tissue in the rabbit, at 
the same time that my associate, Doctor Willis, undertook, under his 
direction, a study of the relationships of the bronchial artery in the 
guinea pig. Willis’s work proceeded from the interesting observation, 
made by C. J. White in Miller’s laboratory at the University of Wiscon- 
sin, that the origin of the bronchial artery in the guinea pig is different 
from that described for all other mammals, in that, instead of arising 
from the dorsal aorta or the intercostals, it begins from a vessel that 
springs from the right subclavian artery. 

Willis found, as was to be expected, that the guinea pig bronchial 
artery furnishes the vasa vasorum which run in the wall of the pulmonary 
artery system and that it is also the source of arterial blood to all lym- 
phoid tissue within the lung. His most important discovery may have 
no bearing on the present subject, but may be mentioned here because 
of its significance: it was that in the guinea pig lung there is regularly 
a system of anastomoses between the bronchial and pulmonary systems— 
a mechanism which many physiologists have insisted to be a physiologi- 
cal necessity, while anatomists have strenuously denied its existence in 
practically all mammals (5). 
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We had always presumed that the bronchial artery supplies the in- 
trapulmonary lymphoid tissue of all mammals, but now Miller happened 
upon the rather astonishing discovery that in the rabbit it is the pulmonary, 
and not the bronchial, artery which carries blood to this tissue (6). 

What this disclosure signified is at once plain. As Miller pointedly 
remarked in his paper, it “emphasizes the thesis that the author (Miller) 
has maintained for many years, namely, that animals used in laboratories 
for experimental purposes should, as a class, be studied separately.”’ 
It surely does give us, at once, a prime reason why any infection brought 
to the lung from the periphery, by way of lymphatic system and veins, 
should originate and eventuate differently in rabbits than in guinea 
pigs. And, having shown how relations as concerned the pulmonary 
infection of our two most common animals of experiment may be de- 
cisively and differently fashioned by fundamental differences of struc- 
ture, we may now pass on to the consideration of the infection experi- 
ments on rabbits. 

These comprise a vast number of observations which are as yet incom- 
plete and unpublished. In making them, I have been fortunate in the 
assistance of Doctor Willis, of Dr. Alva B. Craddock, now at the New 
York State Hospital, and of two artists, Dorothy Peters and Hermann 
Becker, whose necessarily close attention to detail has brought out some 
features which ordinary examination might have overlooked. Many 
rabbits of all ages and weights, from suckling size to over 3000 grams, 
were inoculated subcutaneously, to study the focalization of infection 
that had been induced in the same way as was customary with guinea 
pigs; and, as has been described, it was found that the lungs were par- 
ticularly affected while the spleen was relatively spared. With this 
point firmly established, we undertook a systematic investigation of the 
origin, development and progression of tubercle in rabbits’ lungs. 

We accordingly inoculated three large series of animals intravenously: 
intravenously, because this method of pulmonary infection does not 
differ in manner from pulmonary infection from bacilli which metastasize 
after subcutaneous infection: and especially because we wished to make 
what amounted to almost direct infection of the lungs and study effects 
at known intervals after pulmonary infection. One series of animals 
received bovine bacilli, to which rabbits are most susceptible; a second, 
virulent human bacilli, to which their susceptibility is much less; and a 
third, timothy bacilli, which are acid-fast microérganisms of practically 
no virulence. Different parts of the experiment were repeated, with 
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greater detail, so that one lot of rabbits would be inoculated with centrif- 
ugated suspensions of bacilli, while another set would get uncentrifu- 
gated suspensions: this was when we wished to study the effects of 
large masses as emboli in the smaller blood vessels. Animals were 
killed at fifteen, thirty and forty-five minutes, at one, two, four, six, 
twelve, eighteen and twenty-four hours, then daily until the eighth 
day, and then at regular intervals up to fifty-six days after infection: 
there were also some survivors which lived as long as three, four and 
six months and which were used in the investigation. Blocks were cut 
from the lungs of all these rabbits, and studies have for a long time been 
under way on sections, some of which are in series and some not. In 
every case, part of the sections routinely are stained for bacilli, while 
another part are prepared for the better examination of the tissues. We 
have, in short, material assembling which should show the complete 
development of infection in the rabbit’s lung from almost the moment 
of infection to months afterward, under controlled conditions, in which 
such factors as age and size of animal, and variations in virulence, con- 
sistence and amount of infecting agent have been taken into account. 

I have desired to describe the plan of attack on the problem with some 
precision. It is obviously impossible for me to present results, so far 
as we have gone, in any detail: my time will permit only a citation of 
those better established points which bear most tellingly on those fea- 
tures of infection which have been engaging our attention to-night. 

First and most important is the circumstance that early infection 
does seem to be concentrated in the intrapulmonary masses of lymphoid 
tissue. This statement does not mean that infection is confined to 
these: but for the first three or four weeks after infection, most tubercle 
is to be seen in these masses at their normal locations. Miller insists 
that when the lymphoid tissue occurs between an artery and lung paren- 
chyma, it is in association with the artery, while if it lies between an 
artery and a bronchus—usually at or near a bifurcation of the latter—it 
belongs to the bronchial lymphatic system (4). If Miller is right, then 
our sections would indicate that bacilli brought to the lungs by the pul- 

monary artery tend to become fixed in the lymphoid tissue of the bronchi 
to a greater extent than in that of the pulmonary arteries. Why this 
should be I have not discovered; but the fact, as I have stated it, is 
revealed in the sections—in a way, indeed, that gives one the most beauti- 
ful pictures of what some pathologists are accustomed to call peribron- 
chial tuberculosis, a term which implies an origin of infection by inhala- 
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tion, yet in these exquisite cases of peribronchial lesion the bacilli were 
introduced by the vein a week or two previously. 

A rather spectacular finding was the appearance of a large clump of 
bacilli in the centre of a mass of bronchial lymphoid tissue, from an 
animal killed one hour after infection. This was a striking biological 
demonstration of what Miller had found by anatomic methods, that the 
pulmonary artery supplies this tissue. We came across a similar fixa- 
tion of bacilli in sections from an animal killed four hours after infection. 

Although the bacilli entered the lungs by the blood, and vascular 
tubercle is common in all sections, we have never observed tubercle develop- 
img from proliferation of the intima nor in the vessel lumen. Vascular 
tubercle in our sections is always perivascular, with the tissue changes 
(proliferation, etc.) that make up the nodule developing i the wall of 
the blood vessel—in the adventitia, as a rule, when we can make out its 
exact site. In this respect, our observations confirm those of Borrel, 
made thirty years ago (7), and accepted by Calmette in his recent book 
(8) as substantiating his own view of the strictly lymphatic origin and 
spread of tuberculosis. 


We may now hurry along to a casting up of all our evidence. Tubercle 
bacilli, applied subcutaneously in sufficient numbers to guinea pigs, 
are rapidly carried into the lymphatic system. They are arrested in 
successive nodes that derive their lymph from the inoculated region; 
but some pass through all nodes, reach the veins and are carried to the 
lungs by the pulmonary artery. In the finer endings of the latter many 
are temporarily arrested, while many others no doubt pass through 
capillaries and are dispersed to the body by the general arterial system. 
The general tendency is for those which have embolized to be carried 
out of the capillaries. They then are again in the lymphatic system, 
and, if the lymphatic flow of the lungs is normal and competent, they 
are urged on centripetally to the lung nodes. The fact that vascular 
lesion, after intravenous inoculation, takes the form of perivascular 
tubercle, in the lymphatics of the vessel walls, proves that this egress 
from the vascular lumina is the common method of bacillary conveyance. 

Local conditions and the numbers of bacilli will determine where the 
germs come to rest. They may settle anywhere in the lung, in the 
lymphatic system of pleura, arteries, veins or bronchi. If many bacilli 
in clumps enter the lung, either by inhalation or intravascular inocula- 
tion, the lung lymphatics are incapable of carrying away all bacteria to 
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the nodes, and many will remain fixed in the lung and set up lesion there. 
But that even under these circumstances considerable drainage to the 
nodes takes place is proved by the inhalation experiments of Rogers 
and Baldwin and Gardner, which demonstrated lymph node tubercle 
becoming visible earlier than that in the lungs. 

So far as lymphatic relations go, the guinea pig has what we may 
call ‘‘open” lungs. Small or moderate numbers of bacilli coming into 
such lungs will be carried, for the most part, through them and to the 
nodes. Such quantitative conditions of infection obtain when the lung 
receives germs from other foci in the body, during the first few weeks 
after virulent subcutaneous infection or during the course of infection 
of low virulence. We then meet with relatively normal lungs and 
palpably or markedly affected tracheobronchial nodes, because there 
has been an accretion of infection in the latter from bacilli which have 
been carried out of the pulmonary blood vessels into the pulmonary 
lymphatics and have made their way along the latter with relatively 
few and slight obstacles to intercept them. 

With rabbits the case is very different. Throughout their lungs are 
innumerable masses of lymphoid tissue which are much more highly 
developed than those in guinea pig lungs. These masses are in such 
locations that they may intercept bacteria proceeding in the lymphatic 
system, no matter how these have got into the latter, whether through 
bronchial mucosa after inhalation or through blood vessel wall after 
haematogenous entrance into the lung. These intrapulmonary masses 
tend to interrupt lymphatic passage of bacteria from lung to lung nodes 
and to confine infection to the lung itself. An additional factor favoring 
pulmonary infection is to be found in the circumstance that in the rabbit 
the pulmonary artery supplies the lymphoid masses in the lung and 
thus carries directly to them those foreign particles (bacteria) which 
have converged from the periphery of the body to the great venous 
trunks. 

As regards splenic infection, we cannot as yet speak with precision: 
our systematic histological studies of this origin have not yet proceeded 
very far. But we may make a few general observations. 

Almost forty years ago, in his classical work on the histogenesis of 
tubercle (9), Baumgarten noted that while infection could occur anywhere 
in the spleen, its most common site was the Malpighian bodies, that is, 
those lymphoid masses which normally occur in the sheaths of the splenic 
arteries. It does not require the microscope to learn that the normal 
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guinea pig spleen is almost unique in its exceptional development of 
Malpighian bodies. These relatively large formations stand out with 
great prominence, to such a degree that they give the surface a rough 
appearance, so that I have more than once heard a normal guinea pig 
spleen called tuberculous by one who was not entirely familiar with 
this peculiarity of it. I would tentatively suggest, therefore, that the 
factor which renders the spleen peculiarly susceptible to tubercle in 
this animal, is its excessive provision with intravisceral lymphoid tissue. 


Our studies are teaching us that while the blood vessels are potent 
factors in the spread of infection, they act merely as conveyers of bacilli. 
The real site of the pathological development of tubercle would appear 
to be in the lymphatic system; and to this extent we are in accord with 
Calmette (8). From mucous membrane the bacillus makes its way 
into the lymphatic system; and from plugged capillary it does likewise. 
Where it will focalize is determined largely by lymphatic anatomy (and, 
therefore, lymphatic physiology); and variations in lymphatic anatomy 
will determine differences in focalization. We have shown that funda- 
mental anatomic differences are actualities which give point to Tende- 
loo’s views of tuberculous focalization, based on physiological inquiries 
(10); though we are not inclined to follow Tendeloo all the way, and 
especially not in regard to noncontinuous infection against the lymph 
stream. 

With this experimental evidence before us, I will conclude by raising 
a few questions, questions which continually recur to me, but which 
thus far I have not had time or opportunity to investigate in the thorough 
way which their solution would require. 

Does human tuberculous infection normally tend to the lung root in 
early life because then lymphatic drainage is more active and intrapul- 
monary channels more open and unobstructed than later?—in other 
words, is the child’s lung more comparable to that of the guinea pig, 
which may be looked upon as constituting one type? 

With increasing age, do human lungs undergo internal changes which 
bring them nearer to the type which is normal for rabbits? Does there 
normally occur an increase and development of intrapulmonary lym- 
phoid tissue, over a few years or through many years? Do formerly 
open lymphatic paths thus become more or less obstructed, so that 
bacillary retention within the lung is favored? How much do the in- 
halation of foreign bodies and the repeated occurrence of respiratory 
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infections alter the puerile lymphatic structure which was once normal? 
Gardner (11) and Willis (12) have shown that in guinea pigs the intra- 
pulmonary lymphoid tissue proliferates markedly in response to the 
irritation of dusts, and that these overdeveloped masses then remain 
as permanently enlarged structures in the lymphatic paths. Miller 
(4) has described and figured the same occurrencein man. Dust which 
is not cast out by the ciliated epithelium comes to be laid down in human 
lungs along the lymphatics. With increasing age fibroses mark our 
lungs in varying degree. How much do all these processes have to do 
with bringing about anatomic changes which will tend to arrest bacilli 
in their lymphatic passage to the nodes and to fix them in the lung it- 
self? Js it nat remarkable that even when the adult human lung has 
massive tuberculosis, the root nodes participate relatively little in the 
process? Here we have a companion-piece to what is normal for the 
rabbit. What has blocked the relatively easy passage to root which 
characterizes childhood infection? 

In view of what we have learned to-night, is it wholly improbable that 
the several parts of the lung may differ in details of finer lymphatic 
structure—in details, not fundamental perhaps, yet decisive as regards 
fixation of bacilli—throughout life or perhaps only at certain periods? 
May the apical occurrence of localized adult tuberculosis, which is due 
to relatively slight infection, be dependent on such factors? 

Do we lose our general tendency to lymphatic tuberculosis as we 
grow older, because with increasing age our lymphatic flow becomes 
less active and our lymph nodes more impermeable? A rising incidence 
of renal and epididymeal tuberculosis suggests that age brings no diminu- 
tion of blood-borne metastases; but, wherever the lymphatic appara- 
tus may be conceived as entering into the spread of infection, there is, 
in general, much less tuberculosis as childhood passes into adolescence, 
adolescence to full maturity and completed growth to old age. 

I leave all these as questions, as phases of a much larger problem, 
which, I submit, is worthy of attack from the point of departure which 
I have tried to establish. This is that the determinants of tuberculous 
infection are almost innumerable; yet among them there exists a very 
fundamental one which will always bulk large in the shaping of the 
final result and is comprised in the fact that a varying and variable 
anatomic structure establishes the Joc of infection and, to a great extent, 
the further development and progression of infection from these. 
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THE BEHAVIOR OF CULTURES OF CHICK EMBRYO 
TISSUE CONTAINING AVIAN TUBERCLE BACILLI 


D. T. SMITH, H. S. WILLIS anp M. R. LEWIS 


From the Department of Embryology, Carnegie Institution of Washington, and the Kenneth 
Dows Tuberculosis Research Fund of The Johns Hopkins University and Hospital 


The behavior of living cells when in contact with bacteria has always 
been of interest to investigators, notwithstanding the fact that most of 
the methods by which the phenomenon can be observed necessarily 
involve placing the cells under distinctly abnormal conditions; such as 
in hanging drops or in tissue cultures. Of these two methods, the first 
yields a much less normal picture than do tissue cultures, because of the 
fact that in obtaining and preparing the leucocytes, which are the cells 
generally used, they are almost sure to be injured. For instance, Prigo- 
sen (1921) has shown that even when specimens of blood are kept under 
observation for only a short time the leucocytes develop vacuoles and 
soon degenerate. By means of tissue cultures, on the other hand, not 
only leucocytes but all sorts of cells may be utilized, without removing 
them from an environment in which they live and multiply for many 
days. ‘Tissue cultures in Locke-Lewis solution remain more nearly 
normal than do those in plasma, because in this medium the cells do 
not form plasma granules, nor do vacuoles accumulate in them so rapidly 
as in plasma (Lewis, 1921, a). 

However, it is important to keep in mind the fact that the behavior 
of such cells may differ greatly from that of the same kind of cells in 
the animal body, since they are not protected by plasma or serum and 
are not under the influence of various mechanisms which are free to 
act in the animal body. In the following study of the behavior of the 
embryonic chick cell toward avian tubercle bacilli, the only factors 
involved were the cell, the microérganism, the medium, and traces of 
substances carried over in the explanted tissue. 


MATERIAL AND METHOD 


The tissues were obtained from chick embryos (seven to ten days’ 
incubation) and were explanted in Locke-Lewis solution. This is made 
up of 85 cc. of Locke’s solution (NaCl, 0.9 per cent, plus KCl, 0.24 per 
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cent, plus CaCle, 0.025 per cent, plus NaHC0s, 0.02 per cent) 15 cc. of 
chicken bouillon, and 0.5 per cent of dextrose. The avian tubercle 
bacillus was used because of the pathogenicity of this variety for the 
chicken. A suspension was prepared by mixing a loopful of the bacteria 
in 5 cc. of the medium for the tissue cultures. This was drawn up and 
down through a fine capillary pipette until a homogeneous, slightly 
cloudy fluid was obtained. The suspension was either used as a medium, 
into which tissues were explanted, or was placed upon normal twenty- 
four or forty-eight hour cultures. In a few experiments it was either 
heated in an Arnold sterilizer for forty-five minutes or boiled for five 
minutes. 

In many experiments, after the suspension had been placed upon 
normal cultures, the latter were inverted and left in the warm box for 
some time (one-half to 48 hours). This was done because the boiled 
bacilli, and also many of the living ones, frequently fall to the bottom 
of the drop. 

In order to study the question of tubercle formation within the ex- 
plant, 1 cc. of the suspension was slowly injected into the ventricle of 
the heart of the embryo while it was still beating. In this way many 
bacteria were distributed throughout the liver and renal bodies and 
pieces of these organs were later explanted. 


THE MICROORGANISM 


The microdrganism used in this work was an avian bacillus which 
was isolated in 1909, in the laboratory of the United States Bureau of 
Animal Industry, from a hen which had a natural (not experimental) 
infection. Since its isolation, it has been grown on glycerin-agar and 
various other laboratory media, at a temperature of 39°C. It is a 
vigorous grower. Morphologically, it does not differ from the ordinary 
avian bacillus. With this, as with any typical avian culture, there is 
considerable pleomorphism and disparity in the size of the bacilli. 
Some of them are long and may be quite thick or very thin, and are 
often curved; others are short, often not more than one-fourth of the 
length of large ones lying nearby, and these also may be either thick 
or thin. Frequently, long, beaded forms are present. Occasionally, 
a racquet-shaped bacillus or one shaped like an exclamation mark may 
be seen in a smear. Not one was seen which was not acid-fast. 

Suspensions of bacilli in culture fluids were made repeatedly and 
carried in hanging drops in an incubator for periods ranging from one 
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to nine days, some of the hanging drops containing growing tissues, and 
others, carried as controls, having no tissues. We noticed no material 
morphological difference between the bacilli in smears made from freshly 
prepared suspensions and those in smears made from hanging drops 
at various intervals during the nine day period. The bacilli do not 
appear to grow during their residence in the culture fluids, but their 
stay in such a medium in no way impairs their capacity for subse- 
quent growth: vigorous, abundant growths follow transplantation to 
solid media from all ages of hanging drops—from the nine day old drop 
as well as from a fresh suspension. This is true for the hanging drops 
containing growing tissues and also for those without them. 

The morphological likeness in these various groups applies only to 
the free bacilli in tissue culture drops; prompt and considerable changes 
occur in those bacilli which find their way into the interior of the tissue 
culture cells. 


PATHOGENICITY 


The pathogenicity of the bacillus was determined by inoculatiug 
0.5 cc. of the suspension intraperitoneally into each of three pigeons. 
One of these, killed three weeks after inoculation, showed extremely 
little pathological change. The other two, which were not sacrificed 
until six weeks after inoculation, showed slight but definite involvement 


of the peritoneum and liver. 


BEHAVIOR OF CULTURES CONTAINING AVIAN TUBERCLE BACILLI 


Ordinarily, cultures on which the suspension of tubercle bacilli had 
been placed, and also those in which the tissue had been explanted 
directly into the suspension, exhibited extensive growth, although they 
seldom lived as long as the normal ones, the oldest living for ten days 
while the normal ones lived for three weeks or longer. When, however, 
a heavy suspension was introduced into a normal culture, all the cells 
immediately became full of vacuoles and degeneration rapidly ensued. 
This, however, could be checked by washing off most of the bacteria, 
in which case the vacuoles disappeared within a short time and the 
cells lived for several days. 

When a drop of the suspension was placed upon a culture, or when the 
tissue was explanted into the suspension, a large number of the bacilli 
sank to the bottom of the drop; but in every preparation a certain pro- 
portion of them floated or were moved about against the coverslip, 
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while others adhered to the glass itself. The cells along the edge of 
the growth soon began to show an occasional bacillus in their interior. 
Later, the cells nearer the explant were seen to contain a few bacilli, 
but even after a number of days the cells at the periphery contained more 
than did those nearer the explant. When, however, the inoculation was 
followed by inversion of the culture for varying periods of time, many 
of the cells, both at the periphery and nearer the explant, contained 
bacilli within half an hour, and the early stages of destruction of the 
bacilli within the cell were observed after two hours. 

Although the bacilli survived and perhaps even to a slight extent 
increased in number in the cultures, this did not produce any marked 
change in the hydrogen-ion concentration of the latter, which remained 
about the same as that of the normal cultures (Lewis and Felton, 1921). 
At first the medium was prepared with a hydrogen-ion concentration 
of pH 7.6 or 8.0; but it was soon discovered that the microédrganism 
behaved about the same in the normal as in the more alkaline solutions. 

In no instance was any cell (fibroblast, clasmatocyte, giant cell or 
white blood cell) seen to make any purposeful movement, either toward 
or away from the bacilli. Frequently the leucocytes sent out processes, 
but this was more often in other directions than toward a bacillus, even 
when the latter almost touched the cell. 

Tubercles were not formed in these infected cultures, nor were giant 
cells (due to the presence of the bacilli) observed. Cultures from the 
mesonephros of embryos over ten days old frequently exhibit a number 
of giant cells, but when a suspension of tubercle bacilli was introduced 
into such a culture these cells showed no unusual increase either in 
number or size, although they did take in a great many bacilli, as may 
be seen in figure 1. This cell had become binucleate before the suspen- 
sion was placed upon the culture. After forty-eight hours it had not 
increased in size, although it contained a number of bacilli. The con- 
nective tissue cells divided by mitosis, and in all dividing cells observed 
the process was completed, resulting in two daughter cells, even when 
several bacteria were within the cell. 


ENTRANCE OF THE TUBERCLE BACILLUS INTO THE CELL AND ITS 
DESTRUCTION THEREIN 


The reaction between the cell and the bacillus was studied in cultures 
from the subcutaneous tissue of seven day chick embryos, not only 
because this tissue yields an abundant growth of the large, flat fibro- 
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blasts and clasmatocytes, but also because these cells probably play 
an important part in the reaction of animals to this bacillus. 

The entrance of a bacillus into a cell could be followed in any inoculated 
culture or in any culture in which the tissue had been explanted directly 
into a suspension of the bacilli. The entire phenomenon could be fol- 
lowed more readily when the suspension was placed upon the culture 
and the latter was left inverted for half an hour just previous to the 
observation. In such preparations were found, often in a single field, 
bacilli which had just entered a cell, others that were lying quietly against 
a cell, and still others either lying quietly against the coverslip or under- 
going the movements characteristic of certain small particles when 
suspended in hanging drops (Smith, 1921). The only bacilli that were 
taken in by the cells were those which came in direct contact with the cyto- 
plasm throughout their entire length. Bacilli exhibiting even the slightest 
Brownian movement remained outside ofthecell. Thelengthofabacillus 
did not appear to influence the time necessary for the phenomenon: 
a long filament, made up of several rod-shaped bacilli, was taken in as 
rapidly as a short bacillus, provided it touched the cell thoughout its 
length. Filaments bent in such a way that a part projected away from 
the cytoplasm did not enter the cell. A bacillus, coming in full contact 
with a cell, lost its Brownian movement and remained quiet, stuck 
against the surface of the cell for varying periods of time before entrance 
was accomplished. ‘The cells did not send out processes around it nor 
exhibit any behavior that could be interpreted as purposeful. All 
that was observed was that suddenly the bacillus was moved back and 
forth within the cytoplasm in the same manner as that exhibited by 
pigment granules when ingested by the cells (Smith, 1921). 

The bacillus was easily distinguishable from the cellular structures 
by its shape, index of refraction, and behavior. It was taken directly 
into the cytoplasm and not into any preéxisting structure of the cell: 


1 For a satisfactory discussion of phagocytosis it is necessary to establish some criterion by 
which all observers may ascertain that the foreign body is actually within the cell. The 
biologists speak of an amoeba “ingesting” or partly “engulfing” some material and then 
rejecting it, or of a body being taken into a “food vacuole’ (a chamber formed by pseudo- 
podia) and then rejected. In our preparations we have also frequently seen a particle of 
carbon, a pigment granule, or a tubercle bacillus motionless on the surface of a leucocyte or an 
amoeba and carried around with the movement of the cell for some time, and later become 
detached. These bodies must have been only on or against but not actually within the cell, 
for when a foreign body is within a cell it undergoes characteristic movements with the 
currents of the cytoplasm. This activity within the cytoplasm constitutes our criterion as 
to whether or not the foreign body is actually within the cell. 
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no vacuole formed around it coincident with its entrance. It was car- 
ried out into the processes, over or under the nucleus but not threugh 
the latter: usually the movement was back and forth within the long 
axis of the cell. 

When first seen within the cell, the bacillus was a highly refractive 
body made up of one or more short rods. In almost every case another 
bacillus, having the same shape and size, could be found outside of the 
cell, so that the behavior of a bacillus within the cytoplasm could be 
contrasted with that of one on the outside. As it was being transported 
back and forth in the cytoplasm, it became paler, lost its even contour, 
and appeared as a somewhat granular rod. At the same time, a slight 
halo developed around it, and within one or two hours two or three 
somewhat shiny granules appeared, one toward each end of it, with 
occasionally one nearer the centre. It became progressively paler and 
more difficult to distinguish: in some instances it bent upon itself and 
formed a small mass of granular material, which was usually surrounded 
by a faint halo. After two or three hours, the clump of granules became 
so small and pale that it was impossible to distinguish it. In some in- 
stances, in which the halo was rather large, it resolved itself into a typi- 
cal round vacuole or one which retained more the shape of the bacillus. 
In other instances, after the cells had acquired numerous bacilli, the 
medium was replaced by one free from bacteria and the culture left 
right side up for several days, at the end of which time few or no bacilli 
were present in the cells. The rapid destruction of the tubercle bacilli 
within the cell is surprising, in view of the experiments of Jobling and 
Petersen (1914) who claimed that tubercle bacilli have an unsaturated 
fatty acid which, when saponified, inhibits the action of leukoprotease. 

The destruction of a bacillus could be followed with greater ease when 
the preparation was washed with a solution of neutral red, in which case 
the microdrganisms outside of the cell remained uncolored while those 
within the cell began to show a faint trace of ret about the time that 
the first indication of a halo could be detected in the unstained cultures. 
In a few instances the red color at first formed a narrow thread around 
the bacillus, but this disappeared when the latter disintegrated into a 
mass of granules and became indistinguishable. In others, the color 
appeared first as a faint outline entirely around the bacillus, and in a 
few cells exhibited a spherical enlargement somewhere along the length 
of the bacillus. The color became deeper and the stained region broader, 
at the expense of the unstained bacillary material and of the cytoplasm. 
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In some instances, the red material replaced one entire end of the bacillus; 
in others it formed only a drop between the more refractive granules. 
After varying periods of time (two to six hours or longer) some of the 
bacilli were entirely replaced by red, while in others a few unstained 
particles remained. Some of the cells, in which the red had partially 
or entirely replaced the bacilli, were drawn with the camera lucida, 
and then fixed and stained with carbol-fuchsin. One of these cells is 
shown in figure 2. In every case the amount of red-stained material 
around the bacillus in the living cell represented the amount of destruc- 
tion of both cytoplasm and bacillus, and was present in the fixed prep- 
aration (figure 2) as a clear unstained vacuole; while the unstained 
fragment was stained red in the carbol-fuchsin preparation. Thus 
while one preparation was more or less the negative of the other, each 
demonstrated the destruction of the bacillus. 

While bacilli within the cells were being destroyed, those on the out- 
side remained entirely unchanged. They were not stained with neu- 
tral red in theliving preparation, nor, as may be seen in the deeply stained 
group of bacilli in the upper part of figure 2, did they show any indication 
of destruction in fixed preparations. There was no reason to suppose 
that the unstained spaces were capsules belonging to the bacillus, as 
claimed by Metchnikoff (1888), for in most cases, while the vacuole was 
smaller than that formed about certain other foreign bodies (pigment 
granules for instance), it undoubtedly corresponded to it. Moreover, 
in some instances, as mentioned above, when the bacillus was destroyed 
within a few hours, hardly a trace of this structure was found. 


BEHAVIOR OF DIFFERENT TYPES OF EMBRYONIC CHICK CELLS TOWARD 
AVIAN TUBERCLE BACILLI 


When these experiments were first undertaken, lung tissue was utilized 
almost exclusively. The results soon showed that cells of this tissue 
act toward tubercle bacilli just as cells in cultures generally do toward 
foreign bodies. These cells were then compared with cells from other 
tissues; and it was found that the fibroblasts exhibited the same be- 
havior, regardless of the tissue from which they were obtained, while 
the epithelial cells lining the tubes and alveoli of the lungs acted in the 
same manner as epithelial cells obtained from other organs. The 
latter cells took in and apparently destroyed the tubercle bacilli, except 
when they were ciliated, in which case the violent motion of the cilia 
prevented the bacilli from becoming attached to the cell. The endothe- 
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lial, mesothelial, ectodermal, and liver cells, the cells from the kidney 
tubules, and the white blood cells obtained from the spleen frequently 
contained and also seemed to destroy the bacilli; for, although the proc- 
ess of destruction was not studied in these cells, various figures of broken- 
down bacilli were found in the fixed preparations. 

The clasmatocytes contained by far the greatest number of organisms 
(figure 3). Figure 3 shows a clasmatocyte containing many bacilli, 
beside a fibroblast which had been exposed to the bacilli for the same 
length of time. These large thick clasmatocytes have many sheet-like 
processes which furl and unfurl down into the medium, but seldom 
creep out along the cover glass. Despite their numerous processes, 
none of these cells was seen to “take in” a bacillus by means of them. 
A bacillus which touched against the cytoplasm throughout tts entire length 
was taken in: the others were not. And, although the clasmatocytes 
have many processes and always present the appearance of migrating 
cells in tissue cultures, they really did not change their position any 
more rapidly than did the fibroblasts, and certainly not as rapidly as the 
white blood cells, which contained decidedly fewer bacilli. Since the 
clasmatocytes did not wander about, gathering up the microdrganisms, 
nor engulf them by means of their processes, one is forced to surmise 
that the consistency of these cells is probably quite different from that 
of the others, and of such a nature as to facilitate the entrance of various 
kinds of foreign bodies (carbon, carmine, pigment granules, and bac- 
teria) into the cell. It is possible that the clasmatocyte is to be regarded 
as less able to withstand invasion, rather than as more actively phago- 
cytic than other cells. 

It was difficult to determine in which of the other types of cells tubercle 
bacilli appeared most rapidly or in the greatest numbers; possibly it was 
in the large wandering cells and the giant cells of the mesonephros. 
The leucocytes did not often take in bacilli with greater avidity than 
did the fibroblasts. Among the liver cells were a number of clasmat- 
ocytes, some leucocytes, and some Kupffer cells into which the bacilli 
entered. Evans, Bowman, and Winternitz (p. 299) found that, within 
half an hour after the introduction of a suspension of bovine tubercle 
bacilli into the portal vein of rabbits, the bacteria were already in some 
of the Kupffer cells throughout the liver. These observers did not 
think that the bacilli were destroyed by the cell, but claimed that the 
latter became, through mitotic division of the nucleus, a multinucleated 
giant cell, within the protoplasm of which existed many bacilli. They 
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stated that the giant cell became surrounded by epithelioid cells derived 
from the endothelium, and together with these formed the early miliary 
tubercle. In our cultures of the liver neither giant cells nor tubercles 
were found. 

No bacilli were seen in the striated muscle fibres, red blood cells, or 
nerve fibres.? 


DISCUSSION 


Irritability is a property common to all living cellular structures. 
Individual cells and the animal body manifest it differently, both in 
kind and degree. Just how much the behavior exhibited by the cells 
of tissue cultures, when in contact with foreign bodies, is due to this, 
and how much of it is a purely physicochemical phenomenon, remains 
to be determined. 

The theory that the cell makes purposeful movements toward taking 
in a foreign body, and ingests or engulfs it, is rapidly being replaced by 
the more recent interpretation that the coming together of the cell and 
the foreign body is a purely chance occurrence and that the taking in 
of the foreign body is a physical phenomenon. 

One must acknowledge that the findings obtained by actual observa- 
tion all tend to demonstrate that the cell lacks sensibility. The opsonic 
index work, instituted by Wright, unwittingly emphasized this idea; 
for by this method leucocytes in suspension took in the bacteria which 
came in touch with them, and this could be influenced by changing the 
serum in which these bodies were suspended. Sawtchenko (1910, 1911) 
was one of the first investigators to demonstrate by actual observation 
that the entrance of foreign bodies into the cell could be explained on a 
chemical basis. For these observations he used chilled and dead leuco- 
cytes in the presence of red blood cells. Ledingham (1912) performed 
a number of experiments, showing that when leucocytes are in suspen- 


2 These results agree in many respects with those of H. F. Smyth (1916) who carried out 
some observations on the same subject but used human tubercle bacilli and plasma cultures. 
Smyth found that the human tubercle bacilli grew freely in plasma cultures with or without 
tissue. The embryonal chick connective tissue cells and the epithelial cells took in the 
human tubercle bacilli when the cell happened to come in contact with the organism. Multi- 
nucleated giant cells were formed in the plasma cultures of the spleen when clumps of bacilli 
were incorporated with the tissue growth but not when a suspension of the organism was 
used. Certain of the cells which took in the bacilli digested them while others degenerated. 
(Smyth, H. F., The cultivation of tubercle bacilli with animal tissue in vitro, 1916, Jour. 
Exper. Med., xxiii, 283). 
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sion they are unable to make purposeful movements toward a foreign 
body, so that the number of such bodies taken in by the cells must be 
due to chance. Fenn (1921) again demonstrated this by actual obser- 
vation of the behavior of leucocytes exposed to particles of carbon and 
quartz, when in suspension and when on the coverslip. He found that 
the number of particles taken in by the cell depended upon the chance 
contact between the two. 

In a previous study (Smith, 1921), the entrance of pigment granules 
into various kinds of cells in tissue cultures had been observed. No 
purposeful behavior on the part of these cells could be detected, not 
even in the clasmatocytes, which, owing to their greater content of 
foreign bodies, have been supposed to migrate about and gather them 
up. These cells remained more or less im situ; and though they took 
in pigment granules much more rapidly and in greater numbers than 
the other cells, this was due, not to their moving about or to thenumber 
of their processes, but to the fact that their cytoplasm more easily per- 
mitted the entrance of such pigment granules as came in touch with 
them. The discoveries made by various investigators who used sera, 
and also the experiments performed by Manwaring and Ruh (1907), 
indicate that the number of microérganisms to be taken in by leucocytes 
may readily be altered by the addition of certain substances. In other 
words, the process of phagocytosis seems to be influenced by the physical 
properties of the cytoplasm—its stickiness, for instance. Certain 
writers of textbooks (for example, MacCallum, and Bayliss), in analyzing 
the literature on the question of phagocytosis, have come to the con- 
clusion that the presence of particles within a cell may be explained on 
a physical basis. Certainly, the manner in which the tubercle bacillus 
enters the cell is dependent upon the same laws as govern similar phe- 
nomena in nonliving substance. 

On the other hand, the behavior exhibited by both the cell and the 
foreign body after the latter has entered is much more difficult to ex- 
plain on this basis. Bayliss interpreted as a physical phenomenon, 
not only the inclusion of the foreign body, but also its destruction within 
the cell. He states that fluid is taken in with the foreign body and forms 
a vacuole around the latter; further, that digestive enzymes in the cyto- 
plasm filter into this vacuole and bring about the destruction of the 
foreign body. This interpretation is not tenable, however, for the 
simple reason that fluid is not taken in with the foreign body. Vacuoles 
are formed in cells under various conditions, such as degeneration, 
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starvation, phagocytosis, lack of oxygen, influence of bacteria, and lack 
of dextrose; and, owing to the lack of experimental evidence, it is impossi- 
ble to determine to what extent these bodies are alike. In 1890 La 
Dantec described the formation of vacuoles around particles taken in 
by amoebae and claimed that these vacuoles contained a digestive 
enzyme. Metchnikoff, as early as 1888, recognized that a vacuole is 
sometimes formed about an included bacterium; and in the résumé of 
his own and his students’ work, published in 1901, he cites many instances 
where the vacuole appeared to be a digestive vacuole. 

Degeneration vacuoles, in the cells of tissue cultures preceding the 
death of the cell, were demonstrated by W. H. Lewis in 1919; and since 
that time they have been described by Prigosen (1921), in cells in film 
preparations, as due to lack of oxygen, and by M. R. Lewis (1921), in 
tissue cultures, as due to a lack of dextrose. Degeneration vacuoles 
can be decreased in number, and in some instances entirely removed, 
by increasing the amount of dextrose in the medium surrounding the 
cell, by increasing the amount of oxygen available for the cell, or, as 
shown in these observations, by removing the excessive number of 
tubercle bacilli from the cultures. The size of the vacuole formed around 
the included particle varies greatly; the smallest being almost indis- 
tinguishable, the largest many times the size of the included body. The 
size of the vacuole is not dependent upon the rapidity with which it 
forms nor the rapidity with which the foreign body is destroyed, but 
probably varies in relation to other factors in the experiment. The 
vacuole may be formed at the expense of the cytoplasm, or may result 
from a breaking down of both the foreign body and the cytoplasm; but 
it has never been observed to occur at the expense of the foreign body 
alone. It is conceivable that the vacuole may not be formed primarily 
for the purpose of digesting the foreign body, but may arise because 
the foreign body obstructs the diffusion of nutrient materials or of oxygen 
in the cytoplasm immediately surrounding it; thus leading to the break- 
ing down of the cytoplasm in this region and the coincident destruction 
of the foreign body. Although the foreign body moves in the cell, it 
does not travel through the cytoplasm, but is carried back and forth by 
the cytoplasmic currents. These currents are much more marked in 
leucocytes than in connective tissue cells, for in the former the specific 
granules of the cell move continually, even when the leucocyte itself 
is quiet. 

It is important to bear in mind that the behavior of the embryonic 
cells of tissue cultures toward tubercle bacilli is not a specific response 
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to any certain foreign body, but is the same as that exhibited by these 
cells toward carbon, carmine or pigment granules. One must also 
remember that the behavior of cells in cultures toward foreign bodies, 
especially tubercle bacilli, may be different from that of cells in vivo, 
owing to the lack of some substance present in the animal or to some 
constituent of the medium. 

Concerning the relations between body cell and tubercle bacillus in 
natural infection, one cannot speak with certainty. The same sort of 
reaction as here demonstrated in tissue cultures may at times occur in 
the body, although too often it is the body cell rather than the bacillus 
which succumbs in the conflict. Whatever may be the body’s actual 
mechanism of reaction and defense against the tubercle bacillus, it is 
certain that the body cells play a large part in the process; and the work 
of Prudden and Hodenpyl (1891) would wisely redirect attention to the 
reaction of the cell and its importance in disease. 

Tubercle bacilli have been observed in many types of body cell and 
in many stages of reaction. For instance, in the work just mentioned, 
Prudden and Hodenpy] demonstrated bacilli in and among young epithe- 
lioid cells; Krause (1920) has illustrated them in polymorphonuclear 
leucocytes; Evans (1914) in the Kupffer cells of the liver; and Haythorn 
(1913), working on the nature of phagocytes, frequently noted that a 
single newly formed cell in a tubercle contained both tubercle bacilli 
and particles of dust. 

As shown in a previous communication by Willis (1921), many workers 
on pneumokoniosis agree that the great majority of particles ofdust 
introduced into the body, by whatever means, become intracellular 
very soon after their entrance; and it is conceivable that any particulate 
foreign matter, such as coal dust or tubercle bacilli, might readily find its 
way into cells and by them be transported, focalized, or destroyed. 


SUMMARY 


Tissue cultures afford a means by which the behavior of living cells 
toward living tubercle bacilli can be followed under experimental condi- 
tions which are not greatly injurious to either form. Such observations 
have shown that: 

1. Tubercle bacilli were taken in by clasmatocytes, fibroblasts, white 
blood cells, endothelial cells, mesothelial cells, ectodermal cells, liver 
cells, kidney tubule cells, and cells lining the bronchioles and alveoli of 
the lungs. No microdérganisms were observed in red blood cells, striated 
muscle cells, nerve cells, or ciliated epithelial cells. 
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2. The phenomena accompanying the appearance of tubercle bacilli 
within these cells were precisely the same as those shown by similar 
cells in regard to other foreign bodies. Entrance into cells was dependent 
upon the consistency of the cytoplasm of the cell, the composition of 
the foreign body, and also the position of the foreign body in relation 
to the surface of the cell. 

3. Contrary to the generally accepted idea, the cell did not make any 
active movements toward the bacillus, nor was any migration of bacilli 
toward the cell observed. 

4, The number of microérganisms taken in by the cell and the rapidity 
of the process varied greatly with different types of cells. The clasmat- 
ocytes were the most active; after that, the giant cell, the nongranular 
white blood cell, the granular white blood cell, and the fibroblast, in 
the order named. 

5. Once inside the cell, the bacilli were moved back and forth in the 
cytoplasm in a manner characteristic of included foreign bodies. In 
course of time a small vacuole formed about the microérganism, which 
was eventually destroyed. 

6. The presence of tubercle bacilli within the cell or in the explant did 
not stimulate the formation of giant cells. 


7. The emulsion injected into the peritoneum of pigeons produced 
progressive disease of moderate severity. 
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EXPLANATION OF PLATE 


Fic. 1. Drawing of a giant cell-on which a suspension of tubercle bacilli was placed when 
the cell was binucleate. After 24 hours this cell contained many organisms but, although 
followed for two days, it did not become multinucleate. The culture was explanted from the 
mesonephros of a 10 day chick embryo. 

Fic. 2. Drawing of a connective tissue cell from a fixed and stained preparation of a 
culture which had been exposed to a suspension of tubercle bacilli for 28 hours, at the end 
of which time every cell in the growth contained one or more bacilli in some stage of de- 
struction. Before fixing, the culture was stained with neutral red. This failed to stain the 
bacilli outside of the cells but within the cells it appeared in varying amounts from a scarcely 
perceptible red outline around an organism to entire red bodies (vacuoles). Afterwards, the 
preparation was fixed with iodine vapor and stained with carbol-fuchsin and methylene blue. 
As shown in the figure all of the tubercle bacilli, both outside and inside the cells, are now 
red. Those outside, however, show no evidence of destruction, while those within .-the cells 
exhibit various stages, from very slight deviations from normal to almost complete destruc- 
tion. The red material is what is left of the organism and represents that part which re- 
mained uncolored in the vitally stained cell, whereas the clear area represents the broken- 
down cytoplasmic and bacillary material which took the neutral red in the living preparation. 
Thus one preparation is practically a negative of the other, but in both the destruction of the 
bacilli is demonstrated. Four day culture of connective tissue from an 8 day chick embryo. 

Fic. 3. Drawing of a clasmatocyte from a 24 hour culture of connective tissue, which had 
been treated with a suspension of tubercle bacilli and inverted for 2 hours. Within this 
period the clasmatocytes had taken in a number of organisms, while fibroblasts in the same 
neighborhood contained only one or two bacilli and sometimes none. The clasmatocytes 
did not migrate from place to place nor did they gather in bacteria by means of their processes. 
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TORUS PALATINUS 


AN ALLEGED NEW SIGN OF PULMONARY HYPERTROPHIC 
OSTEOARTHROPATHY 


H. SCHWATT 
in collaboration with 
M. M. STEINBACH 
From the Montefiore Hospital for Chronic Diseases and Bedford Sanatorium, New York 


Nearly a century ago Chassaignac (1) described, probably for the 
first time, a protrusion in the midline of the hard palate as exostose 
médio-palatine and looked upon it, mistakenly as we know, as a pathogno- 
monic sign of syphilis. | 

Over seventy years ago Carabelli (2) wrote that in rare cases there is 
found in the line of junction of the processes of the palate bone a con- 
siderable protrusion which extends either along its whole length or is 
confined to the middle of the palate in the form and length of half a 
pigeon’s egg. He termed it forus palatinus, and states that it is peculiar 
that this anomaly occurs in most if not all the membets of certain families, 
adding, “‘I find it most necessary to call attention to it because, since 
very little has been known about it until now, it could be looked upon 
and treated as the product of a disease.” 

The great anatomist and anthropologist, Hyrtl (3), states that it 
occurs as ‘fan unimportant, harmless convexity of the roof of the mouth 
in completely healthy persons.” 

Torus palatinus has received a great deal more attention from an- 
thropologists and students of mental and nervous diseases than from 
pathologists and clinicians. Along with innumerable other abnormalities 
it has been looked upon as a sign of degeneracy in the sense of Lombroso. 

Among the more prominent authorities who have made a study of the 
torus palatinus may be mentioned Stieda (4), who wrote a monograph 
on it, Sommer (5), Berkhan (6), who found it occasionally in stutterers 
and gives a schematic and cross section illustration of it, Calori (7), 
Waldeyer (8) and Kurella (9). 

Nicke (10) devotes a chapter to an exhaustive discussion of the con- 
dition. He divides torus palatinus, according to shape, into four dis- 
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tinct and one mixed variety, and was the first to study its incidence in 
a large series of living cases. In 1449 normal and psychopathic in- 
dividuals he found it present in 21.9 per cent. Of these, 1179 were 


Fic. 1. PHoTOGRAPH, SHOWING VERY LARGE Torus PALATINUS 


Fic, 2, PHOTOGRAPH, SHOWING DEPRESSION IN UPPER DENTAL PLATE OF SAME PATIENT 


females with an incidence of 23.6 per cent, and 270 males with 14.4 per 
cent. The mentally diseased women, including epileptics, idiots and 
criminals, showed an incidence of 23.9 per cent and the healthy women 
of 22.7 per cent. The analogous classes of men showed 15.5 per cent and 
13.6 per cent respectively. Although he found it most frequently in 
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epileptic women (32.9 per cent) and female criminals (34.4 percent), 
it is extremely doubtful from the general figures that any importance can 
be attached to it as a stigma of degeneracy. 

Stieda found the torus in 35.1 per cent of both sexes. He examined 
1500 skulls of Prussians, Armenians, Africans, Frenchmen, Russians and 
Asiatics, and concluded that the torus has no anthropological signifi- 
cance and marks no racial distinction (11). 

Nicke believes that an instance of its occurrence in prehistoric man is 
to be found in Hamy’s (12) description of a superior maxilla found in 
the Grotto of Gourdan. 

The torus has been found in embryos. It probably arises in utero 
or shortly after birth, and has not been known to develop in adults. 

Schmidt (13) states that the torus occasionally reaches a considerable 
size and has no pathological significance. 

Recently Corper and his co-workers (14), in an investigation of 102 
consumptives and 12 normal individuals, have described this protrusion 
in the midline of the hard palate as one of the manifestations of hyper- 
trophic osteoarthropathy in pulmonary tuberculosis, with a greater in- 
cidence in active cases and in females. It appears from their study that 
it was unknown to them that this anomaly had been extensively described 
under the name of torus palatinus and that it has been correlated with 
other pathological conditions. 

In order to determine whether torus palatinus has any relation to 
hypertrophic osteoarthropathy, we examined the patients in the Tuber- 
culosis Division of Montefiore Hospital and Bedford Sanatorium, a 
material of the same ethnic grouping as that of Corper. The great 
majority are active and quiescent, moderately and far advanced cases, 
varying in age from eighteen to sixty-eight years and in duration of 
disease from one to thirty years. 

Of 269 cases (147 males and 122 females) 42, or 15.6 per cent, presented 
a protuberance along the palatine suture, varying considerably in size 
and shape. Only a few cases of the size of half a pigeon’s egg were found. 
Of the females 25, or 20.6 per cent, and of the males 17, or 11.6 per cent, 
presented a torus. We have classified the approximate gradations in 
size of the protuberance as slight, moderate and marked (table 1). 

Only 7 cases with a torus showed clubbing of the fingers and toes and 
hyperconvexity of the nails, singly or in one or another combination. 
Slight clubbing of the fingers was associated in 3, and slight to moderate 
hyperconvexity of the nails in 6 cases. In only 1 was the hypercon- 
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vexity marked. Combined clubbing and hyperconvexity occurred in 
only three. Clubbing of the toes was present to a slight degree in 2, 
slight hyperconvexity in 3, moderate in 2, marked in 1 and in only 1 
case was it combined. 

The most marked cases of clubbing of the fingers and toes and hy- 
perconvexity of the nails did not exhibit a torus, while only 3 of the 20 
moderate and none of the 7 marked instances of the torus showed club- 
bing or hyperconvexity. Two cases in which the torus reached its most 
extreme size showed typical tapering fingers and no signs whatsoever 
of hypertrophic osteroarthropathy. Thickening of the carpal and meta- 
carpal bones and of the corresponding bones of the feet, or enlargement 
of the lower ends of the humerus and femur or abnormal prominence of 
the malar bones, some of the most cardinal signs of hypertrophic osteo- 
arthropathy, were entirely absent in all of our cases of torus. 


TABLE 1 


Incidence of torus palatinus in two hundred and sixty-nine cases of pulmonary tuberculosis 


NUMBER 


NUMBER 
SEX OF CASES WITH TORUS} PER CENT SLIGHT MODERATE MARKED 


PALATINUS 


17 11.6 8 7 2 
25 20.5 7 13 


20 


15.6 15 


do 269 42 


Ridging of the nails occurred in many of our cases; but, since our sub- 
sequent examination revealed a similar incidence of this condition in 
other chronic diseases, we could not permit ourselves to regard it as a 
manifestation of hypertrophic osteoarthropathy, and hence have omitted 
mention of its concomitance with torus palatinus. 

No relation of the torus to the activity of the disease, its even nor 
to the age of the patient could be established. 

If torus palatinus were a manifestation of hypertrophic osteoarthro- 
pathy, we should expect its incidence to be greater in males among whom 
Marie’s disease is known to occur more frequently, in the proportion of 
nearly 8 to 1(15). As a matter of fact, our results, in agreement with 
those of other observers, show that torus palatinus predominates in 
females, in whom also its most marked degrees are found. 

Hypertrophic osteoarthropathy is secondary in the great majority 
of cases to chronic pulmonary and pleural diseases. Janeway (16) found 
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it thus associated in 65 of 93 cases, and Locke (17) in 113 of 144. It 
occurs most frequently in pulmonary tuberculosis, especially with cavity 
formation, although it is probable that even here bronchiectasis, which is 
considered by some as the most frequent pathological process causing it, 
is the underlying factor. Bonney (18) claims that it is extremely rare 
in pulmonary tuberculosis. It has occasionally been found associated 
with other diseases. Its etiology is obscure, but it is probably due to 
toxic absorption of an uncertain character and venous stasis, singly or 
combined (19). 

Clubbed fingers are nowise characteristic of pulmonary tuberculosis 
uncomplicated by bronchitis and bronchiectasis, but occur in far more 
pronounced degrees in other pulmonary and cardiac diseases associated 
with dyspnea and cyanosis. ‘Tapering fingers are probably more charac- 
teristic of phthisis, and hyperconvexity of the nails is considerably 
more common. 

Some authorities are inclined to make a distinction beween simple 
clubbing and that associated with hypertrophic osteoarthropathy. Fish- 
berg (20) says that the latter is distinguished clinically by involvement 
of the wrists, and usually also of the feet, and decided curvature of the 
spine in most cases, in addition to clubbed fingers. He also finds that 
in simple clubbing, such as found in phthisis, the deformity is due to 
hypertrophy of the soft parts, and apparently not to any changes in 
the bones and joints. Others look upon simple clubbing as an incipient 
or arrested stage of the disease (21). Lord (19) states, ‘‘The clubbing 
of the fingers is due to a swelling of the soft parts and not to bony en- 
largement, both in simple clubbing and that associated with Marie’s 
disease.” 

We therefore believe that the clubbing of the fingers and toes in our 
cases of torus palatinus in pulmonary tuberculosis need not necessarily 
be looked upon as an expression of hypertrophic osteoarthropathy. On 
account of this, and the approximately equal incidence of the torus in 
an extremely varied clinical material (see below), without signs of hy- 
pertrophic osteoarthropathy, we did not consider it of importance 
to determine the presence or absence of bony or articular changes by 
radioscopic examination. 

In order to ascertain the incidence of torus palatinus in conditions 
other than pulmonary tuberculosis we examined the large and unusual 
material in the other divisions of Montefiore Hospital. 
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Three hundred and eighty-six patients (196 males, 160 females, 20 
boys and 10 girls) in the medical, neurological, orthopedic and cancer 
services revealed 74 (19.2 per cent) cases of torus. Thirty-nine, or 
23 per cent, were females and 35, or 16.2 per cent, were males, of all 
ages. 

Through the courtesy of Dr. V. P. Gibney, Surgeon in Chief of the 
Hospital for Ruptured and Crippled, we had the privilege of examining 
84 children and 57 adults in that institution. Of the former, 15, or 17.8 
per cent (10 girls and 5 boys), and of the latter 11, or 19.3 per cent 
(6 males and 5 females), presented a torus. 

Of the total number of individuals examined, 116 were children with 
an incidence of the torus palatinus in 18, or 15.5 per cent, and 680 adults 
with 124, or 18.2 percent. “It would therefore appear that torus palatinus 
is not a development of adult life. It is furthermore important to note 
that a considerable number of our cases, particularly those from the 
Hospital for Ruptured and Crippled is such that hypertrophic osteo- 
arthropathy, as a result of toxic absorption or venous stasis, may be 
excluded. 

The extremely varied diseases and conditions (tables 2 and 3) in which 
the torus palatinus was present does not permit its correlation with any 
one pathological process. Although hypertrophic osteoarthropathy has 
been found coincident with such conditions as valvular cardiac disease, 
carcinoma, sarcoma and a few other conditions, in which the cause of the 
association cannot be explained, no evidences of it were present in our 
cases of torus palatinus. Neither the cardiacs, nor the cases of chronic 
bronchitis and bronchiectasis, of bronchial asthma and neoplasm of the 
lung, which presented a torus, showed clubbing of the fingers, curving of 
the nails or any other signs of Marie’s disease. 

If we combine the three groups we find that in a total of 796 cases 
varying degrees of the torus palatinus were present in 142, or approxi- 
mately 18 per cent: 79 were females and 63 males (table 4). 

We have found that inspection is sufficient to reveal the presence of a 
torus. Palpation is unpleasant both to the patient and the examiner 
and does not give more exact information. 

In none of our cases of even the most marked degrees had there been 
at any time a knowledge of its presence by the patient nor was there any 
interference with speech and enunciation. 
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TABLE 2 
Seventy-four cases of torus palatinus in diseases other than pulmonary tuberculosis 


SLIGHT 


MODERATE 


MARKED 


Male | Female 


Male | Female 


Female 


Neurological 
Multiple sclerosis 
Paralysis agitans 
Hysteria 
Tumor of the spinal cord 
Muscular dystrophy 
Neurasthenia 
Amyotrophic lateral sclerosis............. 
Multiple neuritis 
Cerebellar neoplasm 
Hemiplegia, adhesive pleurisy 
Psycho-neurasthenia 
Pseudomuscular hypertrophy 

Medical 
Cardiac, cardio-nephritic, arteriosclerosis. . 
Arteriosclerosis with hemiplegia 
Thrombo-angiitis obliterans 
Chronic osteomyelitis, mitral stenosis... . 
Mediastinal Hodgkin’s, pulmonary tuber- 


Fracture of femur, pulmonary tuberculosis 
Diabetes mellitus 

Diabetes mellitus, cardio-nephritis........ 
Chonic bronchitis, bronchiectasis 
Neoplasm of lung 

Pituitary disease, obesity 

Luetic aortitis 


Orthopedic 
Polyarthritis deformans 
Infectious polyarthritis 
Chronic multiple proliferative arthritis. .. . 
Polyarthritis deformans, lues 
Arthritis of knee joints 
Skin and cancer 
Chronic pemphigus 
Scleroderma 
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Male | 
Carcinoma of ..... ss 
Carcinoma of uterus and adnexa.......... 
Carcinoma of rectum. 
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TABLE 3 


Fifteen cases of torus palatinus in eighty-four children and eleven cases in fifty-seven adults from 
the Hospital for Ruptured and Crippled 


SLIGHT MODERATE 


Male | Female| Male | Female 


Children 
Congenital dislocation of hip 
Sequellae of anterior poliomyelitis 
Curvature of spine 


Abscess of foot 
Osteomyelitis 
Tuberculous hip disease 
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Sarcoma of thigh 

Liposarcoma of nasopharynx........... 
Multiple arthritis 

Arthritis of knee 

Arthritis of hip 

Contractures 

Hallux valgus 

Tuberculosis of knee 
Tuberculosis of 
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TABLE 4 


Summary of one hundred and forty-two cases of torus palatinus in seven hundred and ninety- 
six cases 


NUMBER 
WITH TORUS 
PALATINUS 


52 
64 


116 


From Hospital for Ruptured 
and Crippled 


| 

a 

| 

q Male | Female 

0 

0 
0 

Adults 
4 

4 

a 

4 

SEX PERCENT | SLIGHT | MODERATE | MARKED 

14.3 32 17 3 ( 
a = 17.7 60 43 13 ( 
( 
11 5 5 1 ( 
i Grand total..........] 796 142 17.8 67 57 18 ( 
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CONCLUSIONS 


1. A protuberance of varying size and shape in the midline of the hard 
palate and termed torus palatinus occurred in 18 per cent of a series of 
796 cases of various diseases and conditions. 

2. We do not find any convincing data for assuming that it is of any 
importance as a stigma of degeneracy. 

3. There is no evidence whatever that it is a manifestation of hyper- 
trophic pulmonary osteoarthropathy, or that it can be correlated with 
any disease. 

4, It has a greater incidence and is of more marked degree in females. 
No explanation for this can be offered. 

5. It occurs with approximately the same frequency in children and 
in adults. 

6. Nothing definite about its etiology is known. It is said to be due 
to disturbances of nutrition of obscure origin in embryonic and fetal life 
or shortly after birth (rachitic?). 

7. It is probably always congenital and of no pathological significance. 
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THE UTILIZATION OF DEXTROSE BY THE TUBERCLE 
BACILLUS 


CLARENCE J. GAMBLE anp MARGARET C. HERRICK 
From the Laboratory of the Boston Sanatorium 


There is curiously little reference in the literature to the relation of 
B. tuberculosis to the carbohydrates. Although the favorable influence 
of glycerin upon the growth has long been known, very little attention 
has been paid to this microérganism’s behavior toward the remaining 
members of the group. 

That sugars are not essential to its growth has been repeatedly shown 
(1) (2). That dextrose, mannite or glycerin will make growth possible 
in a synthetic medium consisting of asparagin, sodium chloride, and 
disodium hydrogen phosphate, while no growth occurs in their absence, 
was shown by Kendall, Day, and Walker (3). 

The same authors found that with saprophytic tubercle bacilli, both 
in a broth and in a synthetic medium, the reaction became acid in the 
presence of glycerin, and alkaline with dextrose or mannite (4) (5). 
This behavior toward dextrose makes impossible the determination by 
indicator media of the utilization of this sugar, a method which has 
been so widely used with members of the colon group. This may be 
the reason for the surprisingly small amount of work done upon sugar 
consumption by B. tuberculosis. : 

Theobald Smith, in his work upon the reaction curve of human tubercle 
bacilli, records two dextrose bouillon cultures in which the sugar re- 
maining at the end of two months was measured by fermentation with 
B. coli. In one of these no remaining dextrose was found, and in the 
other nearly one-half had disappeared (6). 

It was to show by definite quantitative methods that sugars were or 
were not consumed that the following experiments were undertaken. 
For this purpose five strains were used: two human strains, S-16-79, 
isolated by Dr. Langdon Frothingham from the cervical lymph node 
of a child, and H 37, the well known strain of the Saranac Laboratory; 
two bovine strains, S-15-118, and S-16-145, isolated by Dr. Frothing- 
ham from cervical nodes of children by passage through rabbits; and 
one avian strain, B. A. I., isolated at the Bureau of Animal Industry. ° 
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In order to have a medium of relatively constant chemical composi- 
tion, Difco dehydrated broth was used throughout. To this, after 
sterilization, was added sufficient 10 per cent sterile dextrose solution 
to give a final concentration of approximately 2 per cent dextrose 
and 0.8 per cent dehydrated broth. Fifty cubic centimetres of this 
broth were then siphoned into each of the required number of eight- 
ounce flat bottles, the cotton plugs of which were paraffined to diminish 
evaporation. After the bottles had been incubated to test their 
sterility and weighed, the sugar content of the broth was estimated. 
They were then inoculated and incubated lying on the side. To 
guard against error due to contamination, parallel cultures were used, 
each bottle being discarded after measurement of its dextrose content. 

Some preliminary experimentation was necessary to determine the 
most suitable method of quantitative sugar estimation in bacterial 
culture media. For theoretical considerations Folin’s titration method 
for urine sugar (7) (8) and colorimetric method for blood sugar (9) 
(10) were selected and submitted to a practical test. By the titration 
method the broth did not react as sugar, even when used in great con- 
centration, yet when used to dilute a strong dextrose solution to approxi- 
mately 1 per cent, it gave a quantitative result that was constantly 
nearly 10 per cent greater than a similar dilution with water. The 
method was also found not to be sufficiently accurate for dextrose solu- 
tions of a strength below 0.5 per cent. 

In using the blood sugar method for broth we were, of course, dealing 
with a much lower concentration of proteins than that for which it was 
originally designed. Hence a trial was necessary to show that the 
tungstic acid precipitation was adequate. It was found that a slight 
cloud was formed which failed to filter out completely. That this did 
not interfere with the quantitative results was shown by the fact that 
sugar-free broth gave no appreciable color even when used in high con- 
centration, and that repeated comparisons of similar dilutions of a con- 
centrated dextrose solution with broth and with water gave results 
showing no systematic error, and individual errors which averaged 5 
per cent and were in no case greater than 10 per cent. Reference to 
the tables will show that our conclusions are based on changes in dex- 
trose content much greater than these values. 

Inasmuch as the broth alone, even in high concentration, did not react 
as sugar, we hoped that it might be possible to eliminate the precipita- 
tion entirely, merely diluting rtv to a dextrose concentration of approxi- 
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mately 0.02 per cent. To avoid any uncertainty in results, however, 
we have in the first series of estimations used both the precipitation and 
the dilution method. The results, as the table shows, give no suggestion 
of .systematic error, and in our later work we have used the dilution 
method alone. 

To ascertain the error inherent in our method we have made a series 
of determinations from a single water solution of dextrose and from a 
single dextrose broth. These show the following probable errors: 


Water solution: ' per cent 


1. Average error of a single setting of colorimeter from average value of 
2. Average error of each group of 5 settings from average of 25 settings.... 1.8 
Dextrose Broth: 
3. Average error of estimations of 0.01 per cent dextrose broth from average 


4. Average error of estimations of 1 per cent dextrose broth from average 


CONTROLS 


To eliminate the possibility of error due to the effect of incubation on 
the sugar or of incubation or growth of the bacilli upon the broth, the 
following controls were used. They were prepared in each case from the 
same broth and were incubated under identical conditions with the 
dextrose broth cultures. 

1. Uninoculated dextrose broth. At each determination the amount 
of sugar found in one of these bottles was used as the basis for calculat- 
ing the consumption of dextrose by the cultures. 

2. Dextrose-free broth inoculated with each of the five strains, and 

3. Uninoculated dextrose-free broth. The contents of one of each of 
these six sets of bottles was used at each determination, to dilute a 
50 per cent dextrose solution to a strength of 2 per cent, and the dex- 
trose content was compared with a similar waterdilution. No systematic 
error in the readings was found, and in each case the difference between 
the broth and the water dilution was less than 10 per cent. We conclude, 
therefore, that there is no change in the broth due to incubation or to 
growth which will interfere with our sugar estimations. 


PROCEDURE 


The growth in the bottle containing the culture selected for estima- 
tion was first noted. The bottle was weighed and sufficient distilled 
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water was added to bring it to the weight of the time of inoculation. 
(The loss by evaporation averaged 0.1 cc. per week of incubation.) 
The contents were then filtered to free the medium from growth. 

In the precipitation method, 2 cc. of the filtrate were pipetted into a 
clean dry flask and there were added 14 cc. of distilled water, 2 cc. of 
10 per cent sodium tungstate and 2 cc. of 3 normal sulphuric acid.!' After 
filtering, 10 cc. were pipetted into a 100 cc. volumetric flask and made 
up to the mark with distilled water. After thoroughly. mixing, 2 cc. 
were pipetted into a Folin sugar tube, 2 cc. of the copper reagent were 
added, and the tube was immersed in boiling water for six minutes and 
then cooled. Two cubic centimetres of the special molybdate reagent 
were then added and the whole was made up to 25 cc. The resulting 
solution was compared in a colorimeter with a standard 0.01 per cent 
or 0.02 per cent sugar solution similarly boiled with copper. In each 
case five settings of the colorimeter were made and the average taken. 

In the dilution method 2 cc. of the broth were pipetted into a 200 cc. 
volumetric flask and made up to the mark with distilled water. Two 
cubic centimetres of this solution were then placed in the Folin sugar 
tube and treated as outlined above. 


DISCUSSION 


It will be seen from the tables that each of the five strains consumed 
sugar to an extent of from 12 per cent to 80 per cent of the amount 
originally present, or from 130 to 900 mgm. 

In the case of broth 4 and to a lesser extent with broth 7 the later analy- 
ses show a decrease in the sugar content of the uninoculated control. 
We have found no explanation for this other than a possible error in 
analysis; but as such an error would decrease rather than increase the 
percentage of consumption, and as in each case the percentage of sugar 
consumed is calculated from that found present in the uninoculated 
control we do not feel that this interferes with our conclusions. 

Owing to the differences in growth in the parallel cultures a uniform 
decrease in sugar could not be secured. The amount consumed, how- 
ever, runs closely parallel to the amount of growth recorded, and where 
this is equal or increased the disappearance of sugar is progressive. In 


1 Owing to the smaller amount of protein present in the broth a larger amount of tungstic 
acid remains in the filtrate than in the precipitation of blood, for which the method was 
originally designed. It is probable that, to conform more closely to the conditions of the 
original method, the amounts of tungstate and sulphuric acid should be reduced. 
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the most accurate sense the observations must be taken as isolated 
instances of dextrose consumption. We consider that they furnish 
conclusive proof, however, that dextrose is consumed. 

No differences in the rate of consumption of dextrose by the different 
strains were detected, the amount used being in each case approximately 
proportional to the amount of growth. 


CONCLUSIONS 


Five strains of B. tuberculosis, two human, two bovine, and one avian, 
have been shown by a quantitative method to consume dextrose from a 
liquid medium. 

Folin’s colorimetric method for blood sugar, slightly modified, has 
been selected as the most suitable for the estimation of sugar in broth. 
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TABLE UTENSILS AS SOURCES OF TUBERCULOUS 
INFECTION 


CLEAVELAND FLOYD ann LANGDON FROTHINGHAM 
From the Department of Bacteriology, Harvard Medical School, Boston 


The belief is constantly growing that tuberculosis and. probably all of 
the so called airborne diseases are, in the great majority of cases, hand- 
to-mouth or ingestion infections. Tuberculosis must be so classified 
among certain animals, for it is a well known fact that swine rarely 
become infected except through the milk of tuberculous cattle and more 
particularly by the feces which in all open cases contains tubercle bacilli. 

If virulent tubercle bacilli can be demonstrated upon the table utensils 
used by tuberculous people, there is ample ground for the theory that 
these utensils may be a source of infection when used by others; and a 
review of the literature shows that it is possible to obtain such bacilli 
from the tableware used by tuberculous patients. 

In 1909 Price got negative results in guinea pigs inoculated with 
swabbings from tableware used at breakfast, after the utensils had been 
washed by the usual Saranac Lake method of that time: namely, mop 
or cloth, soap, water as hot as hands could endure, rinsed in running 
water (boiling or nearly so) and dried with cloth. But he obtained posi- 
tive results if such utensils were swabbed immediately after use without 
first being washed. 

Brown, Petroff and Pesquera, in a study covering the presence of 
tubercle bacilli in room dust (negative), on telephone mouthpieces 
(negative), hands after coughing onto them (positive), Petri dishes when 
kissed immediately after coughing (positive), obtained positive results 
from material obtained by swabbing spoons, forks, glasses and cups 
immediately after use by patients with numerous tubercle bacilli in 
their sputum, and negative results from plates and knives similarly 
treated. 

Taylor published negative results from guinea pigs inoculated with 
swabbings from spoons used in private and public tuberculosis institu- 
tions after the spoons had been thoroughly washed by the usual method 
employed, namely, hot water and in some instances dishwashing ma- 
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chines. On the other hand, guinea pigs inoculated “‘with the wash water 
from spoons taken directly from the trays of open tuberculous patients” 
yielded some positive results. 

A research by Cumming shows that not only may the hot water 
employed to wash a single spoon used by an open tuberculous patient 
be infectious, but that there may be enough tubercle bacilli left on the 
spoon even after such washing to infect a guinea pig. 

The probable spread of infections through improperly washed table 
utensils has been pointed out by Dearstyne, who demonstrated vastly 
more bacteria on coffee mugs, water glasses, knives, forks and spoons 
ready for public use in restaurants where washing by hand was employed 
than where the dishwashing machine was used. 

That faulty dishwashing is actually responsible for much infection was 
clearly demonstrated by the carefully controlled investigations of 
Lynch and Cumming, which were carried on in various institutions and 
army units and among employees of. hotels and departments stores, 
where many thousands of people were under observation (more than 
60,000 in the army alone). These experiments showed that there were 
about 85 per cent more cases of influenza among groups using handwashed 
utensils than among groups using tableware cleaned by dishwashing 
machines. The conclusions seem to demonstrate that the spread of 
influenza in the family as well as in larger groups is not by direct, but 
by indirect contact, and that the major indirect method is the improper 
washing of tableware: moreover, that “influenza, as well as the other 
so-called airborne diseases, is essentially a hand-to-mouth infection.” 

We have investigated the problem from a little different angle, 
namely, to note the presence of tubercle bacilli on the tableware used 
by the tuberculous at home after the utensils had been washed with 
more than the usual care. An average group of patients was selected 
and the results in this report were obtained from twenty-five different 
homes. In order to make the work as practical as possible and under 
actual conditions, twenty-five open cases of pulmonary tuberculosis 
were selected which were under treatment at home. All of these patients 
had expectorated many tubercle bacilli in their sputum. Their home 
conditions. were average for this class of patients. All were under the 
close observation of visiting nurses, who had carefully instructed them as 
to the necessity of keeping their eating utensils separate from those of 
the rest of the family, and the possibility of self-infection had also been 
frequently called to their attention. 


28 


29 


29 


29 


| 
| ( 
ae 


TABLE UTENSILS AS SOURCES OF INFECTION 


TABLE 1 


Showing resulis of experiments with swab water 


PERIOD OF 
USE OF 
UTENSILS 


METHOD OF CLEANSING 


PERIOD OF 
OBSERVA- 
TION OF 
GUINEA 
PIGS 


AUTOPSY RESULTS 


2 meals 
7 days 


2 meals 
7 days 


2 meals 
7 days 


2 meals 
7 days 


2 meals 
7 days 


2 meals 
7 days 


2 meals 
7 days 


2 meals 
7 days 


2 meals 


7 days 


2 meals 
7 days 


2 meals 
7 days 


Hot water, washing powder, drained 
Hot water, soap, wiped 


Hot water, soap, wiped 
Hot water, soap powder, drained 


Hot water, soap, wiped 
Hot water, soap, drained 


Hot water, cleaning powder, wiped 
Hot water, drained 


Hot water, soap, drained 
Hot water, soap, wiped 


Hot water, naphtha soap, wiped 
Hot water, naphtha soap, drained 


Hot water, soap, drained 
Hot water, soap, wiped 


Hot water, soap, wiped 
Hot water, soap, drained 


Hot water, cleansing powder, wiped 


Hot water, cleansing powder, drained 


Hot water, naphtha soap, wiped 
Hot water, naphtha soap, drained 


Hot water, washing powder, drained 
Hot water, washing powder, drained 


weeks 


6 
14 


10 
34 


Killed, pneumonia 
Killed, negative 


Killed, pneumonia 
Killed, negative 


Killed, negative 
Killed, negative 


Killed, negative 
Killed, negative 


Died, pneumonia 
Killed, negative 


Killed, negative 
Killed, negative 


Killed, negative 
Killed, negative 


Killed, negative 
Killed, negative 


Died, cause unde- 
termined 
Died, pneumonia 


Killed, negative 
Died, peritonitis 


Killed, negative 
Died, peritonitis 


* 4 in each case represents the inoculation of one animal with the swab water from the 
cleansed dishes of two meals. . 
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TABLE 1—Continued 


METHOD OF CLEANSING 


AUTOPSY RESULTS 


2 meals 
7 days 


2 meals 
7 days 


2 meals 
7 days 


2 meals 
7 days 


2 meals 
7 days 


2 meals 
7 days 


Hot water, soap powder, wiped 
Hot water, soap powder, drained 


Hot water, soap, wiped 
Hot water, soap, drained 


Hot water, soap powder, wiped 
Hot water, soap powder, wiped 


Hot water, cleansing powder, wiped 
Hot water, cleansing powder, drained 


Hot water, soap, wiped 
Hot water, soap, drained 


Hot water, soap, wiped 
Hot water, soap, drained 


Hot water, cleansing powder, wiped 
Hot water, cleansing powder, drained 


Hot water, soap, wiped 
Hot water, soap, drained 


Hot water, washing soda, wiped 
Hot water, washing soda, drained 


Hot water, soap, wiped 
Hot water, soap, drained 


Hot water, cleansing powder, drained 
Hot water, cleansing powder, drained 


Killed, negative 


Killed, negative 
Killed, negative 


Killed, negative 
Killed, negative 


Killed, negative 
Died, peritonitis 


Killed, negative 
Killed, pneumonia 


Killed, negative 
Died, cause unde- 
termined 


Negative 
Negative 


Negative 
Died, cause unde- 
termined 


Killed, negative 
Killed, negative 


Died, pneumonia 
Killed, negative 


Died, pneumonia 
Died, pneumonia 
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TABLE 1—Concluded 


PERIOD OF 


PERIOD OF OBSERVA- 
USE OF METHOD OF CLEANSING TION OF AUTOPSY RESULTS 


UTENSILS GUINEA 
PIGS 


weeks 


2meals | Hot water, soap, wiped 4 Died, negative 
7 days Hot water, soap, drained 5 Died, negative 


2 meals | Hot water, cleansing powder, wiped Died, tuberculosis 
spleen, tubercu- 
losis substernal 
nodes inguinal 
nodes _ enlarged 


7 days |Hot water, cleansing powder, drained Killed, negative 


2 meals | Hot water, antiseptic solution Killed, negative 
7 days | Hot water, antiseptic solution Killed, negative 


Two sets of swab water experiments were carried on with the eating 
utensils. In the first, the patient was instructed to use the utensils for 
one meal (breakfast), and a second set the following morning. These 


were then removed and a set was given for a week’s use. Each patient 
was provided with a sterilized outfit containing a spoon, fork, knife 
and cup. He was instructed to use these at the meal or meals desig- 
nated and to then cleanse them as he was accustomed todo. After 
they had been used for one meal and cleansed or used for one week three 
times a day, and cleansed after each meal, they were replaced in the 
sterile container and returned to the laboratory for study. Finally, a 
specimen of the washwater from each series was allowed to stand and, 
after settling, a portion of it was reserved for study. 

The methods of cleansing utensils consisted chiefly in using hot water 
scrubbing with a common commercial soap or soap powder, rinsing 
with fresh hot water, and draining or wiping dry with a dish towel. 
That these methods of cleansing were thoroughly carried out was shown 
by the large percentage of sterile cultures that were obtained in the 
laboratory from the swab water of these utensils. 

When the utensils were brought to the laboratory, the method of 
procedure was as follows: Each article was carefully gone over with a 
sterile swab frequently wet with salt solution, each bit of surface being 
thoroughly scrubbed in order to pick up any adherent microérganisms. 
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The total amount of salt solution used in this process was 23 or 3 cc. 
The time required was about twenty minutes. After the swabbing was 
completed, the salt solution was collected in a small sterile bottle and 
the swab cotton repeatedly rinsed in it and frequently squeezed out. 
The liquid was then cultured and allowed to stand for twenty-four 
hours in a cold room. More than 50 per cent of the cultures remained 
sterile or, at most, only half a dozen colonies appeared. Smears were 
made from the sediment after the salt solution had stood for twenty- 
four hours and stained for tubercle bacilli, and in five instances one or 
two acid-fast rods were seen resembling tubercle bacilli, but there were 
so many artifacts present in the preparation that this procedure was 
discontinued. After the swab water was found to contain no large 
number of living microérganisms, the whole amount was injected into 
a guinea pig, one-half into the subcutaneous tissue and one-half into 
the peritoneal cavity. 

In the first series the material obtained from utensils used on two 
subsequent days was injected into a pig. In the second series one pig 
was given one inoculation from the swab water from the utensils used 
for one week. In only one instance was a positive result obtained in a 
guinea pig from the swab water. This animal showed not only a large 
tuberculous spleen but several tuberculous nodules on the omentum and 
substernal nodes. ‘Tubercle bacilli were found in smears from all 
these lesions. It is interesting to note that this positive result was 
obtained from utensils used for two meals, whereas those used by this 
patient for one week gave negative results. The period of observation 
of the inoculated animals, with three exceptions, was. three weeks or 
longer. (See table 1.) : 

In the washwater experiments the water used to clean the utensils was 
allowed to settle, often for several hours, the top decanted and about 75 cc. 
of the remaining fluid, including the sediment, was poured into a sterile 
bottle and brought to the laboratory, where it was strained through 
cheese cloth to remove the larger particles of sediment (food, etc.), and 
then centrifugated in a large tube for thirty minutes. This centrif- 
ugate was shaken in salt solution for a few minutes, transferred to a 
small tube, recentrifugated for another thirty minutes and the sediment 
shaken in a small quantity of sterile water or salt solution. A few 
drops of this suspension were smeared over the surface of slant agar 
and incubated for at least two days, in order to judge by the number of 
colonies developing whether or not it would be safe to inoculate a guinea 
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pig. When this seemed unwise cultures were repeated at three or four 
day intervals, until the number of colonies was sufficiently reduced, the 
emulsion in the meantime being kept in a cool chamber at about 32°F., 
where it not infrequently froze. The cold usually diminished the number 
of bacteria to safe limits or entirely destroyed them within a few days, 
but it apparently had no effect on the tubercle bacilli. 

A guinea pig was inoculated with washwater from each patient’s 
utensils as soon as possible after its receipt. When a second wash- 
water was obtained from the same patient, usually a week after the 
first, the same pig was again inoculated, thus increasing the chances of 
infection. Each inoculation was made subcutaneously and into the 
peritoneal cavity. At first, a smear from each centrifugate was stained 
for tubercle bacilli, but as results were unsatisfactory the practice was 
given up. (See table 2.) 


SUMMARY 


This study of thoroughly washed table utensils used by open con- 
sumptives in twenty-five private homes, and of the water employed to 
wash this tableware, resulted in one positive guinea pig inoculation 
from the utensils, and four from the wash water, that is, 2 per cent 


and 21 per cent, respectively, if we exclude the cases where the guinea 
pigs were not under observation for at least three weeks. 


CONCLUSIONS 


1. The table utensils used by open consumptives may occasionally 
harbor virulent tubercle bacilli even after more careful washing than is 
customary in the average home. 

. 2. The water used to wash such utensils quite frequently contains 
virulent tubercle bacilli. 

3. From these experments it seems evident that the table utensils 
used by an open consumptive may be not only a menace to the patient 
himself and to others in his family, but also a general menace when the 
patient eats in public places. The inference also seems warranted that 
the dish towel used to wipe these utensils must become contaminated 
with virulent tubercle bacilli, and the more frequently it is used the more 
bacilli accumulate, so that if employed for several days without thor- 
ough washing, a common practice in many homes, it becomes more and 
more a depositor of tubercle bacilli on the just washed utensils. It 
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would seem, therefore, that the only way to control the danger of spread- 
ing tuberculosis by such utensils is to thoroughly sterilize the patients’ 
tableware and the dish towel employed to wipe it, after each meal, and 
the simplest method to accomplish this is to boil them for several 
minutes. 


We take this occasion to thank the Boston Tuberculosis Association, whose grant 
made this research possible and Dr. Harold C. Ernst for extending to us the privileges of his 
department. 
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THE DESTRUCTION OF TUBERCLE BACILLI IN SEWAGE 
BY CHLORINE 


JOHN M. CONROY, BERNICE BRASTED CONROY anp ARTHUR T. LAIRD 
Nopeming, Minnesota 


From time to time tests have been made of the effluent from the 
Imhoff tank at Nopeming Sanatorium, before and after treatment with 
chlorine, to determine the frequency with which tubercle bacilli are 
present in the effluent and the practicability of destroying them with 
chlorine (3). 

A standard chlorinating machine such as is used in treating water is 
employed. The daily average amount of sewage is approximately 
25,000 gallons. About two and one-half pounds of chlorine are used 
daily. This is equivalent to about twelve parts per million, or six parts 
per million during the hours of the day when the flow is assumed to 
be twice the average. Samples were taken of the effluent as it came 
from the Imhoff tank before entering the chlorine mixing chamber, 
and again as it left the chamber. The untreated effluent was diluted 
nine times with normal salt solution. Guinea pig injections were made 
subcutaneously in the abdominal wall. The treated samples were 
injected undiluted. Results are summarized in table 1. 

It will be noted that of the 24 guinea pigs, inoculated with effluent 
untreated with chlorine, 21 developed definite tuberculosis, and that none 
of the 30 inoculated with effluent after the treatment with chlorine 
became tuberculous. 


CONCLUSIONS 


Sewage from a tuberculosis sanatorium nearly always contains living 
tubercle bacilli (1). 

The use of a chlorine machine is a practical means of ridding such 
sewage of tubercle bacilli. 

Two machines should be installed to insure continuous disinfection. 

Preliminary treatment of the sewage is necessary to reduce it to a 
liquid form, and to prevent the floating of solid particles containing 
tubercle bacilli in water courses (2). 
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TYPE AND ENVIRONMENT OF EMPLOYMENT AS FAC- 
TORS IN THE EXPECTANCY OF LIFE OF THE 
WORKING CLASS CONSUMPTIVE 


R. C. WINGFIELD! 
Brompton Hospital Sanatorium, Frimley, England 


The problem, which faces those engaged in treating the male working 
class consumptive, is that of maintaining or restoring his ability to work 
and earn his living. Life alone, in the larger proportion of these cases, 
is a gift of doubtful value unless accompanied by this ability. So pressing 
is this problem that, whenever after-care work has been developed at 
all in connection with organizations dealing with tuberculosis, the main 
task of the after-care worker has been that of finding suitable jobs for 
these handicapped men. It has always been accepted that the type and 
environment of their work is going to be the most important factorin the 
struggle to maintain their health, with the result that much valuable 
time and money have been spent in this direction, and many patients 
have been persuaded to give up a lucrative but “unhealthy” job for a 
worse paid but “healthier” one. 

The British workingman works for 44 hours in a week of 168 hours; 
and it might be suggested that the 124 hours spent at home were more 
important than the 44 at work, and that therefore, other things being 
equal, the man with the good wage would have the best home conditions 
and consequently the best chance of keeping fit. 

To accept any hypothesis without investigation is a dangerous and 
maybe expensive procedure; and this article is the outcome of an en- 
deavor on our part to obtain from cold facts some guidance in dealing 
with this difficult problem. 

We entered upon it as searchers after truth, not trying to prove any 
contention of our own, but ready to follow in whatever direction facts 
might lead us. Our figures are small perhaps, perhaps faultily mar- 
shalled, and wrongly interpreted, but if so we hope that some one, more 


1B.A., M.B., B.C.L. (Oxon.), M.R.C.P. (London), Superintendent, Brompton Hospital 
Sanatorium, Frimley; Constance Marx Lady Almoner Brompton Hospital, London. 
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clearsighted than we, will correct our mistakes. If, on the other hand, 
they are judged not to be without value we hope they will form the basis 
of more detailed investigation on the same subject. 
The material used comprised those male patients, who passed through 
_Brompton Hospital Sanatorium at Frimley in the years 1915 and 1916 
and of whom the Almoner’s Department had sufficiently full records to 
make an accurate estimate of the type and environment of their pre- 
sanatorium and postsanatorium employment. These cases were divided 
into good, medium and bad, corresponding fairly closely to the groups 
1, 2, and 3 used in the report on mortality after sanatorium treatment 
which was published by the Medical Research Committee in 1919 
on the Midhurst figures and is the classification used by the American 
Tuberculosis Association. We use the words “corresponding fairly 
closely,” inasmuch as the classification is loose and varies somewhat 
with the personal opinion of the classifier, especially in dividing groups 
2 and 3. This fact is taken into account in preparing the tables. 

The question as to the healthfulness or the unhealthfulness of the work 
has been very carefully considered in each individual case, and the con- 
ditions under which the work was done as well as the type of work have 
been taken into account. For instance, in the job clerk the hours and 
amenities of the work, the ventilation, lighting and situation of the 
office have been considered; and a man may be included in the those 
who changed occupation table if his presanatorium work was clerking in 
an illventilated city basement and his postsanatorium work clerking 
in a well lit roomy country office. , 

The method of testing the various groups has been to take the per- 
centage alive at the expiration of five years after their entry into the 
Sanatorium. 

The figures do not intend to be and are not in any way connected 
with the results of sanatorium treatment. Cases passing through the 
Sanatorium were used because, while a large proportion changed their 
work, they all had had approximately identical treatment and their 
records had been kept in greater detail than the bulk of the Brompton 
patients, 

It was necessary to find some standard by which we could judge 
our results and we have used the Midhurst and Adirondack Cottage 
Sanatorium results for males as being the most suitable for our 


purpose. 
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Midhurst gives the following: 
27.4 per cent 
1. Number of cases, 1053. 4 Group 2........ 51.4 per cent 
21.2 per cent 72.6 per cent 


Adirondack gives: 
2. Number of cases, 1112. {Group 2.............. 59.8 per cent 


Adirondack gives better results by 9.1 per cent, but the percentage of 
group 1 cases is higher than that of Midhurst and of the Group 3 cases 
very much lower, which tends to equalize the two; and we take it that 
the average result to be expected lies between 60 and 70 per cent. The 
Midhurst and Adirondack patients are of a higher social standing than 
ours, but the majority of the Midhurst patients have to earn their own 
livings. 

Our first two groups are of those who changed and those who did not 
change their work. 


3. Those who changed their work: 
28.3 per cent 
Number of cases, 159. {Group 29.0 per 1.7 per cont 


34.2 per cent 


Number of cases, 143. {Group 2..................34.2 per cent 


These results fall between the normal 60 to 70 per cent, and are much 
the same, but 3 is better than 4, as the percentage of group 1 cases is 
lower. 


Table 3 has been further analyzed as follows: 


3a. Those who changed from physical to nonphysical work: 


Group 1..................18.9 per cent 
Number of cases, 37. hid 29.7 per cent 


This result falls below the normal, but the very low percentage of 
group 1 cases raises it to normal limits. 
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3b. Those who changed from nonphysical to physical work: 


Number of cases, 27. eet er 32.3 per cent 


This result is definitely subnormal, and the percentage of group 1 
cases is not low enough to raise it to normal. 


3c. Those who changed from unhealthful to healthful work: 


Number of cases, 43. 18.6 per cent 

ka 53.5 per cent 12.1 pee cent 


This group gives the highest results, and the very large percentage of 
group 3 cases raises it definitely above the standard which we have taken 
as normal. Naturally, the numbers changing from healthful to un- 
healthful work are too small to be capable of giving accurate results, 
but we have 


3d. Those who changed from one healthful to another healthful occupation (perhaps one more 
suitable to their condition): 
29.8 per cent 
Number of cases, 104. {Group 2...........esee00. 31.3 per cent 
canes 38.9 per cent 


70.2 per cent 


The above class shows not a very striking result and is rather below the 
normal. 

We had hoped to get similar results from groups of patients who had 
changed from unhealthful physical or nonphysical work to healthful 
physical or nonphysical work, but the numbers were too small to be of 
any value. 


SUMMARY 


If the standard we have taken is a fair one, these different groups, 
judged by it, show that the type and environment of a patient’s work 
have but little influence on his expectancy of life. But tables 3 and 4 
show that the careful choice of work does slightly increase his chance 
of survival by a small percentage; and the results of table 3 c. support 
this conclusion in a definite manner, and further lead us to think that a 
more detailed investigation in a larger number of cases, if properly 
interpreted, might even show a 10 per cent increased expectancy of life. 
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Finally, we should here call attention to table 3 b. which gives the 
worst result, indicating that an adult male, changing to physical work 
from nonphysical work, will probably be leaving skilled for unskilled 
work, which apart from anything else means a smaller wage. Further, 
there is the worry of learning and acquiring speed, that is, manual dex- 
terity, which comes hard to any adult and harder still to a man past 
middle age. Worry is an important factor in tuberculosis, and may easily 
counterbalance the good effects of better working conditions. 


, 


Obituary 


James C. THompson, Surgeon, United States Public Health Service, 
died of heart disease, March 8, 1922, after a very brief illness. For a 
number of years he had been associated with tuberculosis hospitals 
and sanatoria as roentgenologist. His published papers were one 
with Joseph Walsh and James W. Wood (Tr. Nat. Tuberc. Assoc., 
1919, p. 69) and one with Nathan Barlow (Amer. Rev. Tuberc., 
1921, v, 611). Two or three smaller papers are in press. For the 


past two and a half years he had been engaged with Barlow in the 
study of small pneumothorax, and the results of this work were 
submitted to the Surgeon General only three days before his death. 
This monograph will be published by the . United States Public 
Health Service in the autumn. Surgeon Thompson was forty-four 
years old. 
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SELECTIVE COLLAPSE UNDER PARTIAL PNEUMOTHORAX 
(A Preliminary Report) 
NATHAN BARLOW anp DAVID KRAMER! 


Recent experiments seem to indicate that in nonimmunized animals 
the development and growth of tubercles are not influenced by artificial 
pneumothorax, whether this be induced before or after the inoculation 
of the animal with virulent bacilli. It has been demonstrated that the 
blood supply of the compressed lung is not so materially altered by com- 
plete collapse that there could be any effect upon the growth of tubercle, 
and the supply of arterial blood by the branches of the bronchial artery 
makes it impossible for compression to cause the destruction of tubercle 
bacilli through oxygen starvation. In addition to the above considera- 
tions, the fact that tubercles develop without difficulty in perfectly 
airless organs such as bones, spleen and lymph nodes, should make it 
evident that the beneficial effects of artificial pneumothorax are not 
due to compression per se. On the other hand, the experience of scores 
of operators shows that in immunized human subjects great benefits 
are obtained in suitable. cases from induced pneumothorax. These 
good effects are, first, an increased local resistance to the spread of the 
disease and of its poisonous products; second, improvement of constitu- 
tional symptoms on account of the lessened toxemia; and third, an in- 
creased fibrosis. All of these good effects can be fully explained by the 
collapse, and consequently the complete rest of the diseased lung which 
is brought about by the pneumothorax. Fibrosis occurs under favorable 
circumstances without any compression: and we often see complete 
reéxpansion of healthy lobes which have been compressed for months 
or years, showing that compression alone is not sufficient to produce 
fibrosis. It therefore seems probable that artificial pneumothorax aids 
in the formation of fibrosis only in so far as it brings about complete 
rest of the diseased tissue in which there is already a tendency toward 
fibrotic change, or in which an inflammatory change takes place as the 
result of the compression. 

1 Surgeons (Reserve), United States Public Health Service. Published with the approval 


of the Surgeon General. 
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Among the obvious disadvantages of complete compression of one 
lung may be mentioned the following: 

1. Healthy as well as diseased lung tissue is compressed. 

2. Displacement of the mediastinum and diaphragm from their normal 
positions; forcing the heart, diaphragm, and abdominal organs to per- 
form their functions under abnormal conditions. 

3. The extra burden which is thrown upon the heart on account of the 
increased resistance in the pulmonary circulation. A further addition 
to the burden upon the heart is caused by the mixture in the left auricle 
of unoxygenated blood from the compressed lung, with blood bearing 
the usual quota of oxygen from the uncompressed lung, resulting in a 
condition approaching that of the reptilian circulation. The circula- 
tion of blood must consequently be more rapid. 

4. The entire burden of respiration is thrown upon the opposite 
lung, which, as we all know, is almost invariably more or less invaded by 
the tuberculous process; a burden which is made still heavier because 
the lung expands unnaturally, owing to the abnormal relations of the 
mediastinum and diaphragm. As is well known, extensions and reac- 


. tivations of disease sometimes result from this extra burden. 


5. The very frequent rupture of adhesions which are gradually 
stretched until they break, either during a treatment or during cough, 
the result of such a rupture being usually the most frequent and the 
most dreaded complication in artificial pneumothorax, pleural effusion, 
which reports show occurs in 50 to 100 per cent of cases treated by the 
usual method. 

6. The infrequent and relatively large refills result in more or less 
regular swings in the relative positions of the thoracic viscera, with 
marked and very sudden readjustments at each refill. Besides the ill 
effects liable to result from this violent and sudden rearrangement of 
the contents of the thorax, such as impaired heart action, dyspnea, 
cyanosis, or even collapse of slight or marked degree, the partial ‘re- 
expansion of collapsed and partly healed tissue may result in disturb- 
ing or destroying newly formed granulation or fibrous tissue, in change of 
position in the walls of healing cavities, etc. 

7. At the termination of treatment for any reason, the reéxpansion 
from complete compression must be followed by a great stretching of the 
healed lung, which is likely to result in reactivation, and by marked 
deviation of the heart, limitation of movement of the diaphragm, and 
retraction and deformity of the chest wall. 


} 
3 
i 
ad 
Bi 
+H 
| 
| 
i 
ia 
iif 


SELECTIVE COLLAPSE 77 


8. The great limitation in the number of cases which are considered 
suitable for this form of treatment, probably ranging from 5 per cent 
with enthusiastic advocates to 1 per cent or less with extremely con- 
servative observers. 


All the good results of complete collapse may be expected to follow 
a collapse which is just sufficient to maintain rest of the involved regions, 
provided that this collapse be maintained at a uniform degree. All 
pneumothorax operators are familiar with most satisfactory improve- 
ment occurring in cases in which they have been able to induce only a 
partial pneumothorax. The partial pneumothorax which we are using 
differs from the partial artificial pneumothorax of the literature in that 
our form is deliberately prevented from becoming complete, and the air 
in the pleural cavity is therefore free to be distributed according to physi- 
cal laws, and can directly produce collapse of the most diseased region. 
In the literature, pneumothorax is partial because the air has been 
prevented by adhesions from ascending to the upper part of the thorax. 
In reviewing the literature we have found that the very articles in which 
partial pneumothorax is most severely condemned often report better 
end results in cases in which only partial pneumothorax could be in- 
duced than in those in which a typical complete compression was ob- 
tained. The disappointing results in cases of the latter variety of 
partial compression are due to two causes: first, the adhesions which 
prevent complete collapse also retain the air in a situation in which 
compression cannot produce effective collapse of the diseased region; 
and second, if a case of partial pneumothorax is only refilled at the in- 
tervals which are customarily used in cases of complete pneumothorax, 
the variation in the amount of air is proportionately so great that the 
resulting periodical stretching of the newly formed tissue prevents any 
effective healing. 

In our studies of partial pneumothorax, both artificial and spontaneous, 
we have found that the amount of diseased tissue which is favorably 
affected by a partial pneumothorax is much greater than the actual 
volume of air which the pneumothorax contains. In many cases the 
results seem out of all proportion to those which could possibly be ex- 
pected from the relatively limited pneumothorax which is present. 
Fluoroscopic and X-ray plate studies have shown us that, owing to the 
fact that expansibility is impaired by tuberculous or other disease of 
lung tissue to a greater degree than is contractility, there is a tendency 
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even in uncollapsed lungs for a more or less atelectatic condition to 
develop in a tuberculous region. 

If partial collapse of an entire lobe is permitted, with each breath there 
is slightly less expansion of the tuberculous portion, so that after a few 
hours or days it is seen that the diseased part has appropriated to itself 
the greater part of the collapse of the entire lobe, the healthy portions 
of the lobe expanding nearly or quite as well as before. If the pleural 
cavity is free, this results in a localization of the air in the pleural cavity 
over the tuberculous focus. That this localization is not due to gravity 
is demonstrated by the fact that it persists under the fluoroscope in 
whatever position the patient be placed, and that in the rare cases in 
which the lower lobe is most diseased, the greatest amount of air will 
be found localized over the lower lobe. 

For the past two years we have been treating a considerable number 
of such of our unilateral cases as had considerable involved lung on the 
less diseased side, by partial instead of complete artificial pneumothorax. 
We find that we obtain equally good results in the great majority of 
these cases, with much less disturbance to the patient. The advantages 
which this method offers are very numerous. Only diseased lung tissue 
is compressed, healthy lobes being allowed to function nearly or quite 
as before; there is no displacement of the mediastinum, heart and dia- 
phragm; the marked dyspnea, giddiness or even fainting, nervous 
manifestations, disturbances of sleep, pain in the chest, and palpitation 
or tachycardia which are so common in the early stages of treatment by 
complete pneumothorax are unusual in our cases. In treatment by this 
method, although the patient is kept at complete rest longer than in the 
ordinary routine followed by those who practise complete pneumo- 
thorax, we find that there is much less instability of the pulse than is 
usual at the same period in the older treatment, and that after prolonged 
treatment the patients who have had partial pneumothorax have slower 
pulse and less irritable hearts than those who have been treated by com- 
plete pneumothorax. Although we have used this method in cases in 
which the extent of disease in the better lung would have precluded the 
administration of complete pneumothorax, we have not seen a single 
instance in which the disease was made more progressive in the 
untreated side, but, on the contrary, the untreated side often clears 
most remarkably. 

One of the greatest advantages of this method, and one which alone 
would amply repay the extra attention which is required, is the great 
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reduction in the number of cases which develop pyopneumothorax. 
This complication, which results in unsatisfactory terminations to the 
treatment in more instances than any other single cause, occurred in 
but one of thirty cases treated by this method. In this one case, there 
were only about 200 cc. of fluid, which was not very dense and did not 
persist; and in our opinion was not due to rupture of an adhesion, but 
to punctured lung tissue, as discussed below. There is little doubt that 
the pleural effusions occurring in artificial pneumothorax are in most 
instances caused by ruptures of lung tissue at or near adhesions of the 
pleura. Under the method which we advocate, there is never sufficient 
stretching of the pleural adhesions to cause rupture unless there is actual 
caseation at the surface, in which case spontaneous pneumothorax would 
probably occur if the operation had not been performed. Further 
proof of the fact that these effusions are usually due to too great tension 
is afforded by nine of the above mentioned thirty patients, who passed 
from our care into that of men who were not acquainted with our 
methods, but who carried out the artificial pneumothorax according to 
the generally accepted teachings. They naturally converted these 
partial cases into cases of complete pneumothorax, and six of these nine 
patients, who had been under treatment, but free from fluid for periods 
ranging from five to nine months, developed a pleural effusion within 
six weeks after complete pneumothorax was instituted, thus supporting 
the contention of those who urge that all cases of artificial pneumothorax 
as it is ordinarily carried out develop pleural effusions sooner or later. 
Another advantage of our method of administration is that when the 
treatment is discontinued, either on account of apparent arrest or for any 
other reason, extreme stretching and tearing of recently formed fibrous 
tissue are not brought about by the relatively slight reéxpansion and 
there is consequently less liability to reactivation, and the patient is 
not burdened with the displacements of organs and with the deformities 
which are frequent sequellae of treatment by complete pneumothorax. 
This advantage is a particularly desirable one in dealing with a restless 
and unsettled class of patients, such as are numerous among the young, 
unmarried ex-soldiers. We have had several patients who after a few 
months’ treatment with partial pneumothorax, became satisfied with 
their condition and dissatisfied with the rest treatment, and discontinued 
treatment against advice. Some of these have again come under our 
observation, and, so far as we are able to ascertain, not only was there no 
injury to any of them by the brief treatment, but on the contrary every 
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one of them received benefit proportional to the duration of the treat- 
ment; and several cases of otherwise uncertain prognosis received, from 
a comparatively brief treatment, an impetus toward cure which gives 
promise of resulting in an ultimate arrest of the disease. One of our 
cases which did not respond promptly to treatment by partial collapse 
proved to have an acute disseminated involvement of nearly the entire 
lung; the compression was gradually increased to about three-quarters 
complete, when the improvement equalled that usual in complete 
pneumothorax in such cases. 

But the greatest advantage of this method of treatment is the very 
much larger proportion of otherwise doubtful cases to which it offers 
hope of relief. Cases in which the involvement is so equally distributed 
in both upper lobes, that even the wildest enthusiast would hesitate 
before inducing complete pneumothorax, may receive enough air over the 
most diseased lung to render efficient a rest treatment which without 
such aid had been proving ineffiective. Often the less diseased lung 
will respond and will clear up most remarkably. If this does not occur 
it is possible at a later date to induce a small pneumothorax over the 
other lung so that the diseased apical regions of both lungs will be under 


partial compression at the same time. ‘The many cases in which rather 
advanced disease is limited to the upper lobes of both lungs are particu- 
larly suited to this form of treatment. The following case illustrates 
the treatment by bilateral partial pneumothorax. The stereoscopic 
plates speak for themselves and a very brief report of the case will 
suffice. 


Patient 1767. Admitted November 26, 1920, with active infiltration of 
both upper lobes and with a focus in right middle lobe as shown in first X- 
ray plate. Temperature normal on admission. Radical excision of fistula 
in ano performed December 19, 1920. In January lungs appeared slightly 
more active, and slight fever, 99° to 100°, was the rule. May 13, partial 
artificial pneumothorax was induced on the left side. As soon as this had 
become stabilized, a corresponding pneumothorax was induced upon the 
right side, as is shown in the second stereoscopic plate. This plate shows the 
localization of the air in the free pleural cavities, over the diseased upper 
lobes. It also shows on both sides how the collapse of the lung is appropriated 
to itself by the diseased tissue located in both upper lobes. Of special interest 
is the behavior of the infiltrated region in the right middle lobe which, as is 
seen in the plate, has partly collapsed, leaving a freely expanding region be- 
tween itself and the diseased tissue in the upper lobe which is also collapsed. 
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This beautiful illustration explains better than words could possibly do the 
far-reaching effects of a relatively small amount of air in the pleural cavity. 
Since that time the patient has been steadily improving. The last tempera- 
ture of even as much as 99° occurred on August 3, 1921. 


The secret of success in using partial compression is unceasing watch- 
fulness of the case by physical examination, fluoroscope, stereoroentgeno- 
grams and manometer. It is necessary to make use of all of these to 
ensure successful results, for only with their aid can the ideal of uniform, 
continuous, effective collapse of the diseased portions, and very little 
if any collapse of the undiseased parts of the pulmonary parenchyma, be 
attained. 

The technique of administration and the ward care of the patient 
under treatment by partial artificial pneumothorax accordingly differs 
in some respects from those ordinarily in use for complete pneumothorax. 
In making the punctures, the greatest care is necessary that the visceral 
pleura is not punctured or torn. In our opinion, many of the slight 
pleural effusions which occur during artificial pneumothorax are due to 
the wounding of the lung by the operator. It has been noted by many 
operators that an X-ray plate taken after the first or second treatment 
often shows much more air than has been introduced. Such patients 
frequently experience oppression, faintness, tachycardia and other symp- 
toms, which are usually attributed to pleural shock. If the intention is 
to compress the lung completely, it does not alter the ultimate con- 
dition if such a puncture does occur, as the rent usually closes when the 
lung is partly collapsed; but if the intention is to maintain a partial 
pneumothorax at as nearly a uniform degree as is possible, such a rent 
very seriously interferes with the inception and maintenance of the 
desired condition. 

The points of technique upon which we specially insist are those which 
aim to avoid irregularities in the degree of compression. The needle 
is small, so that if the visceral pleura should be punctured there will be 
less likelihood of escape of air. In using both needle and knife the in- 
struments should be firmly grasped with the thumb and two fingers, 
the ulnar border of the hand should rest firmly upon the chest wall, and 
the instrument introduced with a gradual and perfectly controlled 
motion. After the pneumothorax needle has entered the pleural cavity, 
the hand and fingers holding it are not moved; and under no circum- 
stances should the operator release his hold of the needle, as scratches 
or even tears of the pleura may be brought about in this way. 
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TECHNIQUE FOR UNILATERAL PARTIAL COLLAPSE 


We use a modified Floyd-Robinson apparatus, with heavy and close- 
fitting rubber parts. 


It is particularly necessary to be certain that all 


joints of the apparatus itself, of the needles and of the adapter, if used, 
are in good order and airtight. The difference between the fluid levels 
in the two bottles should be maintained at a constant amount, especially 
in the earlier treatments. We prefer about 10 to 12 cm. of difference 
in level as between the two bottles. 

Our patients are brought to the operating room and the preparation 
of apparatus, instruments and operator is the same as for a major opera- 
tion. The preparation of the patient consists in placing him in a com- 
fortable position upon the less affected side, with the arm extended above 
the head and the hand resting upon the top of the operating table. If 
the ribs are close together a pillow is placed beneath the thorax. The 
field of operation is painted with tincture of iodine and covered with a 
small laparotomy sheet or sterile towels. 

The track of the needle is anaesthetized with about 4 cc. of 1 per cent 
solution of novocain, containing a small amount of adrenalin. For 
this injection a rather fine, uncorroded hypodermic needle, about three- 
fourths of an inch in length, is used. An old needle may be broken by a 
sudden cough or movement by the patient. For penetration of thick 
muscles, such as the latissimus dorsi or pectoralis, a longer needle is 
used. By using the shortest needle which will reach the pleura, the 
likelihood of scratching the visceral pleura is reduced. Both the skin 
and the dense subcutaneous tissue are incised by a single cut with a 
cataract knife, taking care not to pierce the intercostal membrane. 

We use a blunt 23 inch pneumothorax needle of 0.0049 inch calibre. 
The point should be filed until it is too blunt to injure the visceral 
pleura. The needle is introduced through the small wound with a 
controlled motion until the intercostal membrane is punctured, when 
the manometer should be observed. If free oscillation does not indicate 
that the parietal pleura has been entered, the needle should be very 
carefully advanced until it is felt that another membrane has been 


punctured. 


When the manometer readings indicate that the needle is in the pleural 
space, 50 cc. of air are admitted under moderate pressure, the rate of 
flow and evidence of pain being observed, and the manometer readings 


again noted. If the pleural cavity is free, as evidenced by large oscilla- 
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tions of the manometer, unobstructed flow of air, and absence of pain, 
and also by slight if any reduction of the negative pressure, the inflation is 
continued, noting manometric readings after each 50 cc. of air, until from 
200 cc. to 250 cc. have been admitted. The readings are then ordinarily 
about minus 12 or 2 on expiration and minus 4 or 5 on inspiration, as 
read on the Floyd-Robinson scale. The iodine is washed from the skin 
with alcohol and a small sterile pad fastened over the wound with 
adhesive straps. 

After the earlier treatments the patient is carried from the operating 
room to his bed in a horizontal position on a cart. Later a wheel chair 
is used, and still later he is permitted to walk. 

The patient is carefully studied; and in two or three days a second 
treatment of from 150 cc. to 250 cc. of air is given, the manometer read- 
ings about coinciding with those of the initial treatment. Again in three 
or four days another refill of from 150 cc. to 250 cc. is given, the 
manometer readings again being brought to the same point. Ordinarily, 
by this time there will be present an effective partial collapse of the 
diseased parenchyma with very little if any collapse of the normal tissue. 

A stereoroentgenogram is now taken and the serious study of the case 
begins. The breath sounds will be found much reduced over the upper 
third of the lung, somewhat diminished in the middle third, and more 
orless normal over the lower third. If adhesions are present, causing 
partial collapse against the chest wall, a more or less bronchial breath- 
ing may be heard which does not indicate that the collapse is insuffi- 
cient Fluoroscopic studies may be made at this time; and the physical 
signs should be compared with the amount of collapse as indicated in 
the X-ray plates, as it is largely by the breath sounds that the fre- 
quency of instillations and the amount of air must be determined. We 
wish to warn here against a tendency to overinflate. In the plates ac- 
companying this paper may be seen how much effective collapse can be 
produced by a relatively small pneumothorax. The manometric read- 
ings should be carefully studied, but the manometer must not be used as 
a guide for the amount of air to be introduced; for, owing to the gradual 
contraction of the diseased areas, there will be induced a more and more 
complete pneumothorax if the manometer readings are brought to the 
same point at each instillation. On the other hand, whenever an ad- 
hesion stretches or gives way, the manometer readings are more and 
more negative for the same content of air; while the formation of ad- 
hesions causes a more positive pressure, the amount of air in the thorax 
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remains the same. It should also be noted that the amount of air 
absorbed from a partial pneumothorax is not as great as from a complete 
pneumothorax, so that while during the ordinary treatment by artificial 
pneumothorax we expect an absorption of from 50 to 100 cc. of air a day, 
during the early weeks of the treatment, from 25 to 50 cc. a day are all 
that are likely to be absorbed from a partial pneumothorax. 

In the beginning, frequent instillations of small amounts of air are 
made, the periods being gradually lengthened until after two or three 
months of treatment every seven to ten days may be sufficient. One 
must never forget that if a partial pneumothorax is properly main- 
tained, the intrapleural pressure becomes more and more negative, and 
that less and less air need be introduced. The estimated amount should 
not be exceeded, even if there is but little change in the manometric 
readings during the treatment. 

At least once a month a stereoscopic X-ray should be taken, for com- 
parison with the breath sounds as a guide to treatment. If, in spite of 
all caution, the plate shows that overinflation has been produced, no 
more air should be introduced until there has been some absorption, 
after which the amount used at each treatment should be reduced. If 
the roentgenologist and clinician are not practised in the study of lo- 
calized pneumothorax, care should be taken not to be misled in estimat- 
ing the amount of air present. Complete absence of lung detail will be 
seen only at the lateral margin of the plate; the greater part of the air 
often lies either anteriorly or posteriorly. On close scrutiny of plate 
2 in the hand stereoscope it may be seen that the air completely sur- 
rounds the upper lobe, although in the flat plate it might seem at first 
sight that only a small lateral pneumothorax was present. Our plates 
are taken by a technique perfected by Surgeon J. C. Thompson for the 
demonstration of small pneumothorax, which will be published elsewhere. 
The routine plates taken for chest work in most X-ray laboratories do 
not demonstrate the pleura except in advanced disease. We recommend 
that in this work the exposure be reduced at least one-third, unless 
Thompson’s technique be adopted in its entirety. 

The exact periods at which refills are necessary cannot be stated. 
In some of our cases, after three months fortnightly refills are sufficient. 
In others weekly refills are needed. In still others the periods are 
variable. But there is no uncertainty as to the periods at which ob- 
servations are necessary. The effective collapse should be estimated 
at least twice weekly by observing the breath sounds and other signs, 


| 
ig 
ne 
4 


SELECTIVE COLLAPSE 85 


aided by the fluoroscope or by a stereoscopic plate if any uncertainty 
exists. As the’principal aim of the operator who induces partial collapse 
is to maintain the tuberculous regions in as nearly motionless a state as 
possible, it follows that prolonged examination, and particularly forced 
expiration and cough, and forcible percussion should be very strictly 
avoided. After a very little experience, observations from natural 
breathing alone will be quite sufficient to give the operator a good idea 
of the condition of the collapsed area. After the thorough initial 
examination of the chest, no prolonged examination should be made once 
pneumothorax has been established, except under unusual circumstances. 

The point of original entry is determined by the same considerations 
as is that for complete pneumothorax. As a successful application of our 
method implies a more or less free pleural cavity we ordinarily select the 
6th, 7th or 8th interspace in the posterior axillary line, in order to get 
well back of the interlobar fissure. Once the pneumothorax is definitely 
established and its position in the thorax is known, it is better to give 
the refills directly into the pneumothorax; as a general rule this point 
of entry will be in the 3rd or 4th space in the axilla; occasionally it will 
be anterior. It is better to make the refill directly into the pneumo- 
thorax rather than in the site of original instillation, because slight 


adhesions are likely to form which make the puncture of the visceral 
pleura more difficult to avoid than it was during the original operation. 


WARD CARE OF PATIENT 


No effort is made in this form of treatment to compress the lung so 
forcibly that movement is impossible, but the idea is rather to render 
the ordinary rest treatment more efficient and complete. Usually for 
the first six weeks the patient is maintained at complete rest; for the 
next month, bath room and dining room privileges only are allowed; 
and only at the end of three months, and then only in patients in whom 
the pulse rate is not unduly increased, is slight exercise allowed. 
The effect of exercise is closely watched, particular attention being 
paid to its effect upon the pulse rate, for the temperature is usually 
normal, At the end of six or seven months many of these patients are 
quiescent or apparently arrested according to the definitions of the 
National Association. They are then placed in an ambulant ward for 
a time and, if there are no ill effects and if the average pulse rate is not 
increased, they are allowed to go home and return for refills. While in 
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the ambulant ward the average period at which refills should be made is 

determined: often every two weeks and in some cases even longer in- 
tervals are found sufficient. After leaving the hospital the patient should 
return for his first examination not later than ten days, because absorp- 
tion may be somewhat more rapid and also because the stresses of home 
life may be greater than had been anticipated. The pneumothorax is 
maintained for a year or more, until the patient has been free for some 
time from all signs of toxemia under ordinary conditions of life, and until 
the physical signs and comparative X-ray plates indicate that firm heal- 
ing has taken place in the lung. 

Reéxpansion is then permitted, and it is remarkable how easily this 
takes place in these partial pneumothoraces. In patients who have for 
one reason or another abandoned the treatment before arrest was at- 
tained, we have found that it is possible more often than not to reproduce 
the pneumothorax even after a lapse of a number of weeks or months. 
Therefore, if for unavoidable reasons there has been a lapse in the treat- 
ment the patient should not be told that he has lost the advantages of 
the pneumothorax until effort has been made to reproduce it. On the 
other hand, this fact should not lead to carelessness; as in certain cases 
there may be difficulty in restoring a pneumothorax which has been 
wholly or partly lost. 

The loss of weight at the beginning of treatment which is ordinarily 
seen in complete pneumothorax often does not appear at all in treatment 
by partial pneumothorax, and, when present, it is likely to be less marked. 
The customary caution to the patient should therefore be that there 
may be a little loss of weight, instead of that he probably will lose some 
weight. 


SELECTION OF CASES FOR PARTIAL UNILATERAL PNEUMOTHORAX 


Incipient and early cases which offer good prospect of cure by the 
usual treatment should not, at the present stage of development of the 
subject, be selected for treatment by this method. It seems quite un- 
necessary to subject the patient to a year or more of special treatment 
if he may be returned to his home quite as early by the usual methods of 
treatment. There is an additional reason, which will be discussed 
later, why such patients should not be selected. But there is a certain 
type of incipient and early cases which in spite of the most careful treat- 
ment seem to make but little progress, and another class, which although 
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responding satisfactorily to complete rest, develop clinical symptoms 
and physical signs whenever moderate exercise is allowed. These 
patients are among the most discouraging to the physician. Complete 
pneumothorax seems an unnecessarily severe treatment for them: and 
yet they undoubtedly require some assistance in overcoming the disease, 
such as that afforded by partial pneumothorax. 

The more advanced cases with a practically unilateral lesion may be 
divided into two classes: the first class, those in whom the disease is 
confined to the upper lobe and a small portion of another lobe, evidently 
do not need collapse of the entire lung and are eminently suitable for 
the partial pneumothorax which we have described; the second class, 
comprising those in whom there are foci in all lobes of one lung, require 
sufficient collapse so that the diseased regions may be placed at effective 
rest during ordinary hospital treatment. ‘This does not usually require 
complete compression of the entire lung. In the plates 1 and 2 it may 
be seen that there were areas of disease in the right upper and middle 
lobes and in the tip of the right lower lobe, and yet a relatively small 
pneumothorax which practically surrounds the upper lobe and the tip 
of the lower lobe has permitted collapse of all of the diseased areas while 
the healthy parts are still more or less expanded. In the description of 
the technique it was stated that in the first three treatments the mano- 
metric readings were brought to the same point, and that afterwards it 
was expected that the manometric readings would become more nega- 
tive. In treating the class of patients under consideration we follow the 
technique as described. If after the first two or three weeks of treat- 
ment there is not such clinical improvement as would indicate that the 
collapse is effective, we introduce air twice a week and bring the ma- 
nometer readings to the same final point at each treatment (excepting that 
not more than 350 cc. of air are ever introduced at any one treatment 
and that if the manometer readings indicate variation on account of 
rupture of adhesions a definite quantity is introduced which corre- 
sponds with that given on previous treatment). If the readings are 
brought to the same point at each treatment the result is a gradual 
increase in the amount of air in the thorax. This is continued until the 
clinical symptoms indicate that the collapse is effective, after which the 
compression is maintained at the same level. 

The considerable group of patients, in which the disease is so nearly 
unilateral as to suggest a pneumothorax treatment and yet in which 
there is so much involvement of the better side that complete pneumo- 
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thorax is contraindicated, usually responds excellently to treatment by 
unilateral partial pneumothorax. 

Bilateral cases with fair resistance, and in which the most advanced 
lesion, and therefore the chief source of toxemia, is situated in an upper 
lobe, often improve most remarkably after compression of this principal 
lesion by partial pneumothorax. Thesame result is obtained in cases of 
widely disseminated tuberculosis but with fairly good resistance, in 
which there is a single region either in one apex or elsewhere which 
is more advanced and more active than are the disseminated areas. In 
the treatment of such cases we must determine in stereoscopic plates 
when effective collapse of this principal lesion is obtained. The collapse 
is then maintained at the same degree, but the clinical improvement in 
such cases will be more gradual, as it is of course impossible to obtain 
an effective collapse affecting all lobes of both lungs. The pneumothorax 
therefore merely reduces the production of toxic products in the principal 
focus, thus enabling the powers of resistance of the body to be diverted 
to a greater extent to the healing of the scattered lesions. Progress 
under such conditions is slow and requires some patience on the part of 
the operator and the patient. 

In all sanatoria there are to be found a number of cases which have 
made good constitutional improvement and in which the disease shows 
evidence of retrogression everywhere except in the region of a large- 
sized or moderate cavity. Such patients, who in spite of comparatively 
good health may not become arrested for years, if ever, often make most 
brilliant improvement if the region of the cavity is allowed to collapse 
by partial pneumothorax. If the walls of the cavity are not rigid there 
is usually complete collapse, which may be followed by such complete 
disappearance of the cavity that it cannot be demonstrated in the X- 
ray plates. If the walls are rigid, so that during the early stages of the 
treatment there seems to be little if any change in the plates, it,is usually 
evident in a few weeks or months that the cavity is considerably smaller 
in size and its walls correspondingly thicker. 

The cases which when successful show some of the most brilliant results 
from this treatment are those which have localized pneumonic areas 
of recent and acute development. The extensive caseation resulting in 
cavitation, which is the almost invariable sequel in such cases is often 
entirely prevented, the invaded regions becoming fibrotic in a part of 
their extent and completely clearing in other parts as shown in compara- 
tive X-ray plates. 
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Cases which develop high temperature and other symptoms which in- 
dicate a high degree of toxemia from relatively small lesions (provided it 
can be demonstrated that the toxic state is due entirely to the pulmonary 
lesion), in other words, cases which are usually designated as those of 
intense constitutional activity and low immunity, sometimes show a 
marked improvement of constitutional symptoms under this treatment 
and are tided over the period of broken resistance, so that they ultimately 
attain apparent arrestment. In treating patients of the last two classes 
and all others in which the prognosis would be very unfavorable under 
ordinary treatment, the operator must not expect an unbroken series of 
miracles. 

This treatment may sometimes be applied as a palliative measure 
in incurable cases. There are cases in which by its use sputum, tempera- 
ture, cough and malaise may all be reduced, and the patient made more 
comfortable, and even made to gain in weight and enter upon a period 
of comparative improvement. If there are many such, they should be 
in a separate ward, even though the results may be accomplished without 
either the dangers or discomforts which attend the use of complete 
pneumothorax in such cases. One of the most valuable features of 
treatment by partial pneumothorax consists in the general atmosphere 
of comfort, hope and cheerfulness which pervades the ward in which the 
majority of patients are under this treatment. The improvement is so 
uniform and so general, and unmarred by the discomfort which is felt by 
many patients treated by complete pneumothorax, and the excellent 
condition of the former patients upon the ward who return for their 
treatments adds so much to the almost ideal psychic state of the patients, 
that we feel that this should not be sacrificed by introducing into the 
ward too many patients in whom improvement will be slow and the 
final result of whose treatment may be uncertain. There is an additional 
reason why neither hopeless cases, nor early cases which have a good 
chance of improvement without the treatment, should be the first to 
be chosen. Owing to the frequent treatments necessary and to the 
constant care and study which must be given to these patients to main- 
tain the pneumothorax at a constant point, the number of patients for 
which an experienced operator can possibly care is limited to about 
thirty to the ward, and, if he has an assistant, as many more who are 
returning for treatment. Besides this, it is necessary for him to train 
an understudy unless there are several men in the same locality who 
understand the treatment. If he does not do this he can neither take a 
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vacation nor can he permit himself the luxury of any accident or brief 
illness. It would be absolutely impossible for a man inexperienced in 
this treatment, no matter how well versed he might be in the art of 
artificial pneumothorax as ordinarily carried out, to take over any con- 
siderable number of such cases and carry them successfully through even 
a brief absence of the operator. Until there are sufficient operators 
experienced in this method of treatment, to provide for all those who are 
in need of it, it seems to us that a treatment, which affords hope to a 
large class of cases in which the outcome is otherwise doubtful or worse 
than doubtful, should not be given to patients who have a good chance 
of recovery without it, or to whom it can merely afford a temporary 
relief. 


CONTRAINDICATIONS 


The most frequent contraindication is that of pleural adhesions which 
prevent the free movement of the air in the pleural cavity, and conse- 
quently, even though they may not entirely prevent the introduction 
of air, prevent the selective localization upon which the success of the 
treatment depends. It is sometimes possible to determine from con- 
traction and deformity of the chest, or from universal dense adhesion 


as shown on the X-ray plates, that it is useless to attempt any kind of 
pneumothorax. We have féund that it is generally impossible to de- 
termine by physical signs or by X-ray plates whether the treatment is 
practical or not. The apex and the adjoining portion of the upper lobe 
may be adherent both laterally and anteriorly, and yet the air may as- 
cend behind the upper lobe, stretch and break through the thin sheet 
of adhesions which often separates the mediastinal surface, and produce 
a most effective collapse of the apical region. The possibility of treat- 
ment must, therefore, be determined by making the attempt. It is 
for this reason that we pay so much attention to rate of flow, evidence 
of pain, and changes in manometric readings after slight amounts during 
the initial treatment. Any of these indicates either a definite pocket 
or numerous slight adhesions which must be gradually separated. Every 
such case is a law to itself, must be carefully handled so as to stretch ad- 
hesions without tearing them, and must have careful observation of 
physical signs and by X-ray plates to determine the location of the air 
pockets which are produced, and consequently the advisability of con- 
tinued treatment. The presence of cavities near the lateral wall does 
not always indicate that effective collapse of the cavities cannot be 
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produced. The very slight effect which apparently firm adhesions may 
exert upon the final location of the air on account of their gradual 
stretching is beautifully illustrated in the stereoscopic plate which ac- 
companies this article, especially upon the left side. The contraindica- 
tion which we consider as next in importance is any mental state which 
makes it unlikely that the patient will codperate in the treatment. The 
restless neurotic who never stays longer than six weeks in any one place, 
the ignorant but self-satisfied patient of more or less pleasure-loving 
disposition who is willing to try the treatment a while and see how he 
likes it, or any patient who is uncertain as to his willingness to conform 
strictly to the rules of treatment as explained to him, will usually not 
only waste the time and effort of the operator but will breed discontent 
and unrest in the ward. 

Severe tuberculous and other complications in other parts of the body 
which of themselves would indicate a very doubtful or hopeless prognosis 
are of course absolute contraindications. The terminal stage of pul- 
monary tuberculosis belongs in the same category. 

There is a certain class of cases which, while not terminal, have such 
extensive involvement of both lungs that healing is practically impos- 
sible,and evenif possible would be followed by such an amount of fibrosis 
that the patient would remain a hopeless invalid the rest of his life. The 
time and effort involved in treatment should not be expended upon such 
cases. On the other hand, fibrosis itself does not constitute a contra- 
indication. The dyspnea which results after attempted complete pneu- 
mothorax in fibrotic cases does not follow a partial pneumothorax of 
limited extent, and the fibrosis instead of being a contraindication is of 
favorable prognostic import because it indicates a highly developed 
immunity. 

TECHNIQUE OF BILATERAL PNEUMOTHORAX 


The preparation of the operator and patient, the instruments and 
apparatus, and the method of procedure, are the same as for unilateral 
partial pneumothorax, with the following differences: 

If there is a marked and preponderate difference in the amount of active 
disease upon the two sides, the more diseased side receives the first 
treatment. If one side shows evidence of a recent and extensive pro- 
gression of disease, that side is selected for the first treatment, even 
though there is somewhat more extensive disease upon the other side. 
If there is a massive or extensive area upon one side which is very moist 
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and apparently the principal source of toxemia, that side is selected as 
the first to be treated. If conditions are such that it is a matter of 
choice which side shall be first treated, we usually choose the left side, 
even though the tuberculous disease may be less extensive on the left. 
For on the left we usually will find the most recent infiltration, and we 
hold that it is better judgment to put any increased burden of respira- 
tion, however small it may be, upon the more chronically diseased side, 
even though it be more extensive. 

The second side should never be started until after a partial collapse 
‘has been established and maintained for a period of from four to six 
weeks on the first side, and until stereoscopic X-ray shows that there 
is no overinflation from the first side, nor until the period between re- 
fills has lengthened to a week or ten days, showing that the pleura has 
become accustomed to the presence of air. A few days are allowed to 
elapse after the last refill of the first side, as a margin of safety against 
having a superabundance of air, and then two or three treatments of 
the second side are given on alternate days before the first side is again 
refilled. The manometer readings on the second side will usually 
be much higher on the negative side of the scale than are usually en- 
countered. A reading of minus 8 to minus 12 on inspiration as read on 
the Floyd-Robinson scale is not at all uncommon. 

Each 25 or 50 cc. of air is followed by a manometer reading, and from 
100 to 150 cc. of air only are introduced at each treatment of the second 
side. Comparatively little change may occur in the manometer read- 
ings and yet the collapse be effective. At no time during the treatment 
of bilateral cases should the negative manometer reading in a free pleural 
cavity upon either side be less than minus 2.5 to minus 3.5 on expiration; 
otherwise dyspnea is likely toensue. 

In bilateral cases the rate of absorption is very much slower than in 
unilateral cases and refills are needed at longer intervals and the amount 
should be less. It is surprising what small inflations will maintain 
ideal collapse; often a treatment of from 100 to 150 cc. of air will give 
uniform and effective collapse for two or three weeks at a time; 200 cc. 
of air should be considered a maximum figure in a bilateral case, prefer- 
ably not over 150 cc. in the early stages. If there is any question as to 
whether a refill is needed or not, a stereoscopic X-ray examination, con- 
sideration of signs and symptoms, and, if necessary, introduction of the 
needle to determine the air pressure should decide the question. If 
there is still doubt, it is better to wait for a few days. 
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After the third inflation of the second side, the first side is again 
inflated and thereafter the two sides are studied separately and uniform 
collapse is maintained in each, according to the indications of that partic- 
ular side. Under no circumstances should both sides be inflated on 
the same day, as it is possible that a small rent might be made in each 
pleura, causing an excessive collapse of both sides, the results of which 
would be unpleasant or even disastrous. 

It is particularly necessary to avoid overinflation in these double 
cases. Once accustomed to their presence, small pockets of air are 
tolerated by the pleura without reflex disturbance, but larger amounts 
or exceedingly variable amounts are accompanied by reflex limitations of 
the movements of that side of the chest. This is unimportant or even 
beneficial in unilateral pneumothorax, but if produced simultaneously 
upon both sides of the chest, it results in deficient respiration, dyspnea, 
cyanosis, and disturbed heart action which, if continued, would even- 
tually destroy the good effects of the treatment. 


CARE OF PATIENT 


In bilateral pneumothorax we are introducing a source of possible 
reflex irritation into both pleural cavities, we are dealing with cases 
which have advanced disease in both lungs and in which, therefore, 
the rupture of an adhesion with the resulting development of a complete 
pneumothorax will be more serious than in a unilateral case, and con- 
sequently these cases should be kept strict bed patients for from two to 
two and one-half months after bilateral collapse has been brought about. 
After this they are placed upon slight exercise and cared for precisely 
as are the unilateral cases, but with a little more caution. 


WARNING 


We wish to protest very earnestly that no operator should attempt 
bilateral pneumothorax unless he has at his command an efficient X- 
ray service, unless the patient is of the proper temperament to codperate 
and is willing to be a complete bed patient for at least three months, 
and unless he himself is willing to give unremitting care and close ob- 
servation to maintain the proper degree of collapse on both sides. With 
these conditions fulfilled, bilateral pneumothorax should not be at- 
tempted until the operator has carried a case of unilateral partial collapse 
through at least four or five months of treatment, maintaining a uni- 


4 


94 NATHAN BARLOW AND DAVID KRAMER 


form degree of collapse through this. period. And. finally, bilateral 
pneumothorax should not be induced unless there is sufficient healthy 
lung tissue in the lower lobes to maintain sufficient respiration, and 
unless there is reasonable prospect of ‘attaining arrestment with the 
aid which the treatment can give. Badly selected cases have defrauded 
artificial pneumothorax of its rightful place as the best single method of 
treatment in pulmonary tuberculosis, and the writers firmly believe 
that when partial pneumothorax therapy is worked out and perfected it 
will offer hope to a large percentage-of cases of moderately and not too 
far advanced pulmonary tuberculosis, the very cases which respond 
least to other. forms of treatment. 

Let us again warn against overinflation. The plate shows the maxi- 
mum degree of collapse which should ever be used in bilateral cases. 
We have brought about excellent results with considerably less collapse. 
This case was. selected for illustration because it shows the maximum 
compression which should be used, because it illustrates selective com- 
pression and because it seemed one which would be possible to reproduce. 
Prints of X-ray plates of such detail as to give stereoscopic views of the 
pleural surface are difficult to make and it was only the personal interest 
which the M. Kramer Company took in our work which.impelled them to 


spend the time necessary to perfect this process. 


Note. Since this paper was written the case cited had acute coryza and laryngitis for 
three days, with very slight elevation of temperature, which was not of tuberculous type, 
after which the temperature returned to normal and remained so. 


Pirate 1. CASE 1767 BEFORE TREATMENT 


Showing active infiltration of right upper lobe; middle and tip of lower lobe, and left 
upper lobe. 


PiaTE 2. Case 1767 AFTER BILATERAL PARTIAL PNEUMOTHORAX WITH SELECTIVE COLLAPSE 
OF THE DISEASED REGIONS 
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INTRATHORACIC EQUILIBRIUM IN PNEUMOTHORAX 


BARNETT P. STIVELMAN, HERMAN HENNELL ann HARRY GOLEMBE 
Montefiore Home Country Sanatorium, Bedford Hills, New York 


Although artificial pneumothorax has become a well recognized thera- 
peutic procedure, ever gaining wider application in the management of 
pulmonary tuberculosis, the consideration of the pneumodynamics 
involved and the altered intrathoracic conditions consequent to its 
induction have received practically no attention. Indeed, so few are 
the references to this important subject in the rapidly accumulating 
literature on pneumothorax, that one questions whether the far-reaching 
effects of these altered intrathoracic conditions on the untreated side and 
circulatory apparatus are often properly evaluated. 

The mechanism of these various intrathoracic changes is as intricate 
as it is fascinating; and it will be the purpose of this paper to discuss in 
some detail the factors determining intrathoracic equilibrium in pneu- 
mothorax with especial reference to their practical significance in this 
form of therapy. 

It will not be amiss, for the sake of clearness, to begin the discussion of 
the main topic by a definition of terms used and a summary of the ac- 
cepted conception of the genesis of the negative intrapleural pressure 

Intrathoracic pressure, as is well known, is the pressure exerted on the 
mediastinal organs. It is equal to the atmospheric pressure minus the 
opposing tension exerted by the expanded lung, that is, the elastic recoil 
of the lung. The negative intrapleural pressure is equal to the elastic 
force of the stretched lung. It is greater the more the lung is expanded. 
and vice versa. This pressure equals in the adult about —7 —9 cm. 
of water on inspiration and —3 —5 on expiration. 

As to the genesis of negative intrapleural pressure, itis ofimportance to 
recall that in the newborn infant the lungs fill completely the thoracic 
cavity and that there is no measurable negative intrapleural pressure. 
At each expiration the lungs are completely emptied and there is, there- 
fore, practically no reserve supply of air in them. However, this lack 
of air reserve is compensated by the more perfect ventilation of the 
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alveoli. That life is possible under such conditions is perfectly obvious. 
Yet we have here a condition amounting to partial bilateral lung 
compression. 

In the eight-day old infant the negative intrapleural pressure was found 
by Hermann (1) to be only 0.4 mm. of mercury. The negative intra- 
pleural pressure observed in the adult thorax is developed gradually. 
It is due to the fact that the size of the thorax increases more rapidly 
and to a greater extent than the lungs which the thorax contains. To 
fill this enlarging cavity, the lungs, which are elastic bodies, become more 
and more expanded and thus the negative intrapleural pressure is 
established. In the fully developed respiratory mechanism the reserve 
supply of air in the lungs is created gradually, and this at the expense 
of the ventilation of the alveoli, which, during the separate respiratory 
cycles, is less perfect in the adult than in the newborn infant. The 
bearing of all this on the subject under discussion will become apparent 
as we go on. 


INTRATHORACIC EQUILIBRIUM IN PNEUMOTHORAX 


By allowing filtered air to enter the pleural space on one side until the 
intrapleural pressure is equal to atmospheric pressure, the elastic recoil 
is compensated for and the lung will assume its so called normal size. 
A smaller amount of air introduced into the pleural cavity will only 
partially counteract the elastic recoil of the lung, and its collapse will 
be proportionately incomplete. On the other hand, when we force air 
into the pleural cavity under pressure greater than atmospheric, the lung, 
on account of its elasticity and compressibility, will be caused to assume 
an even smaller volume than the so called normal. 

In all these instances the intrathoracic pressure will be variously in- 
creased in the same proportion as the negative pressure is decreased or 
even changed to positive. Under these circumstances the mediastinal 
structures will be subjected to increased pressure on the pneumothorax 
side and will be pushed to the untreated side, unless they are fixed by 
adhesions, as frequently occurs in tuberculous chests. 

When the mediastinum is effectively fixed by adhesions, the effect 
of the increment in the intrathoracic pressure on the pneumothorax side 
will not make itself felt on the pressure conditions in the untreated hemi- 
thorax. But when the mediastinum is relatively free from adhesions, 
the increased intrathoracic pressure on the treated side will have the 
following effects on the intrathoracic pressure and size of the untreated 
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side, as well as upon the relative position of the various thoracic 
structures: 

1. The relatively flexible mediastinum will be put on a stretch and 
pushed to the opposite side. The degree of such displacement will 
depend on the amount of the intrathoracic pressure in the pneumo- 
thorax side, the degree of the elasticity of the mediastinum, and the 
extent of the relative fixation of the mediastinal structures through adhe- 
sions or otherwise. 

2. The size of the untreated hemithorax will be proportionately 
decreased and, because of this, its intrapleural pressure will be propor- 
tionately less negative. 

3. The intrathoracic pressure on the untreated side will be pro- 
portionately increased and will be equal to the intrathoracic pressure 
on the pneumothorax side minus the elastic recoil of the stretched 
mediastinum. 

In other words, intrathoracic equilibrium is established in pneumo- 
thorax as under all normal conditions. The change in pressure in one 
hemithorax must be balanced by appropriate changes on the opposite 
side; and it is in response to this fundamental principle that certain so 
called ‘‘movements of balance” take place in the chest cavity in pneu- 
mothorax. 


MOVEMENTS OF BALANCE 


Perhaps the best illustration of the delicate sensitiveness of intra- 
thoracic equilibrium in pneumothorax and of the manner in which it is 
maintained, is found in the ‘‘pendular movement of the mediastinum” 
and the “paradoxical movement of the diaphragm.” These so called 
“movements of balance” are well known and are frequently observed, 
jointly or individually, in the radioscopic studies of pneumothorax. 

By ‘“‘pendular movements of the mediastinum” is meant the inspira- 
tory displacement of the mediastinum towards the pneumothorax side, 
slight or marked, depending on its relative freedom from adhesions, its 
elasticity, and the pressure conditions in the thorax. The “paradoxical 
movement of the diaphragm” consists of the loss of coérdination in the 
contraction of the two halves of this muscle; while the diaphragm is 
lowered on the untreated side during inspiration, it is simultaneously 
raised on the side of the pneumothorax, and vice versa. 

Barjon (2), after a study of a large number of cases of pneumothorax, 
summarizes the indispensable condition for their production. He states 
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that the phenomenon of the ‘‘ paradoxical movements of the diaphragm’’ 
is determined by the following four indispensable conditions: (1) Free- 
dom from adhesions. (2) Absolute inertia of the diaphragm, that is, 
paralysis of the diaphragm, making it an inert membrane easily affected 
by differences in pressure. (3) Complete suppression of the respiratory 
function of the lung, brought about by its complete collapse when free 
from any adhesions. (4) Maintenance of moderate positive pressure 
on the pneumothorax side. The intrapleurai pressure must be equal to 
or slightly greater than atmospheric pressure. It must be just enough 
to prevent air entering the collapsed lung during inspiration, but not 
high enough to force and keep the diaphragm down. 

By substituting in the above statements the word “mediastinum” 
for the word ‘‘diaphragm”’ he formulates the essential conditions neces- 
sary to produce the ‘‘pendular movement of the mediastinum.” 

Barjon’s discussion of the subject is quite elaborate and very interest- 
ing. It seems to us, however, that the ‘movements of balance” can be 
explained on the basis of the fundamental principles governing the labile 
intrathoracic equilibrium in pneumothorax discussed in the earlier part 
of the paper. Indeed, the radioscopic study of the ‘“‘movements of 
balance” in the pneumothorax cases in our institution has convinced 
us that the mechanism of their production is relatively simple, and that 
most of the conditions described by Barjon as essential and indispensable 
may be lacking although the phenomenon can be clearly demonstrated. 

From a larger group showing these movements of balance to a greater 
or lesser degree, we have selected three representative cases which we 
think will best illustrate these phenomena and suggest their mechanism. 


PRESENTATION OF CASES 


Case 1. (Figures 1 and 2.) Figure 2 represents the position of the 
thoracic viscera after a deep inspiration and figure 1 represents their 
position after a forced expiration. The marked inspiratory displace- 
ment of the mediastinum is perfectly evident. It is to be noted that 
there is a definite, large, apical adhesion on the pneumothorax side, and 
that the right lung is incompletely collapsed and is partially function- 
ating. It may be added from the clinical record that the intrapleural 
pressure on the pneumothorax side was distinctly negative (—5 —3 cm. 
of water). In other words, of the four conditions described by Barjon 
as absolutely essential and indispensable for the production of the pendu- 
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lar movements of the mediastinum, three were absent in this case. It 
will therefore be instructive to analyze in some detail the exact mecha- 
nism of this phenomenon as it was observed in this case. 

Analysis of Phenomenon. In any phase of the respiratory cycle there 
is a balance of pressure in both hemithoraces, as well as in the mediastinal 


Fics. 1 AND 2. CAsE 1 


Fic. 1. Taken in forced expiration. Note short distance of right cardiac border from 
midsternal line. 

Fic. 2. Taken in deep inspiration. Note increased distance of right cardiac border from 
midsternal line, definitely showing inspiratory displacement of mediastinal structures toward 
pneumothorax side. “Pendular movement of the mediastinum.” 


region, that is, intrathoracic equilibrium exists. During deep inspira- 
tion there is a momentary disturbance of this equilibrium which is 
instantaneously reéstablished by a readjustment of the various thoracic 
viscera. 

In order to understand better the mechanism of this readjustment, 
let us analyze it as it would occur in simple hypothetical cases. When 
both hemithoraces are exactly alike in capacity and both lungs are 
equally expanded to fill them, there would be comparatively little or no 
disturbance in the relative position of the mediastinum during inspira- 
tion. On the other hand, supposing one hemithorax to be relatively 
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immobile and the other hemithorax capable of large expansion, we can 
easily see how, during inspiration, a movable mediastinum would be 
shifted toward the larger hemithorax because of the rapidly increasing 
negative pressure developed therein. With both lungs filling their re- 
spective boxes, but one side of the thorax being larger than the other, 
but both mobile, we can easily conceive how the mediastinum would be 
displaced towards the side that expanded more. It would be aspirated, 
as it were, because of the larger negative pressure developing on the 
larger side during deep inspiration, a pressure which must be instanta- 
neously balanced by an appropriate readjustment of the thoracic 
structures. 

In the case under consideration, the mechanism of readjustment of 
the thoracic structures during inspiration is somewhat as follows: Both 
hemithoraces enlarge symmetrically. On the left, untreated side, this 
enlargement with its consequent rapidly developing increase in negative 
pressure is as rapidly compensated by the aspiration of air into the nor- 
mally expanding lung. At the same time, on the pneumothorax side, 
because of the atelectasis of the collapsed lung, the aspiration of air into 
it is retarded and cannot possibly keep pace with the rapidly developing 
increment in the negative pressure. This uncompensated negative 
pressure on the pneumothorax side must be, and is, instantaneously 
balanced by the displacement, the sucking in, as it were, of the medias- 
tinum toward that side. 

As will be noted, the paradoxical movement of the diaphragm is not 
demonstrable in this case, because the most essential condition for its 
production—an inert diaphragm—is absent. 

In summing up, the essential conditions for the production of the 
“‘pendular movement of the mediastinum” are two; First, a flexible 
mediastinum, that is, one relatively free from adhesions; second, a 
labile intrathoracic equilibrium. Of these two conditions, the second 
is commonly present in the average pneumothorax case. The variable 
factor is the presence of a flexible mediastinum, and it alone determines 
the presence or absence of the phenomenon. It should be added, how- 
ever, that the extent of the pendular movement of the mediastinum will 
be largely determined by the intrapleural pressure on the pneumothorax 
side. In our own experience the best demonstrations were observed 
with a pressure of about —5 —3 cm. of water. 
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Case 2. (Figures 3 and 4.) In these figures the paradoxical movement 
of the diaphragm is graphically illustrated. Figure 4 shows the position 
of the two halves of the diaphragm in deep inspiration and figure 3 shows 
these after a forced expiration. In this case the movement of balance 
was beautifully demonstrated radioscopically, but was only imperfectly 
radiographed. However, figures 5 and 6 show this in a striking manner. 


Fics. 3 AND 4. CASE 2 


Fic. 3. Taken in forced expiration. Note small difference in height of fluid level on 
pneumothorax side and crest of diaphragm on untreated side. 

Fic. 4. Taken in deep inspiration. Note increased difference between height of fluid 
level on pneumothorax side and crest of diaphragm on untreated side, thus showing “para- 
doxical movement of diaphragm.” Pendular movement of mediastinum is also seen. 


The mechanism of this phenomenon is not unlike the one traced in 
our discussion of the ‘‘pendular movement of the mediastinum.” The 
essential condition here is an inert diaphragm easily affected by differ- 
ences in pressure. To be inert and passive, it must be free from adhe- 
sions and paralyzed. This paralysis results from the suppression of the 
respiratory function of the lung, and from the presence of air or fluid in 
the pleural cavity, according to the law of Stokes (3). It is to be noted 
that the ‘‘pendular movement of the mediastinum” is not absent in this. 
case because the mediastinum is not effectively fixed by adhesions. 
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Case 3. (Figures 5 and 6.) These two figures strikingly demonstrate 
both phenomena in the same patient. As the mechanism involved has 
been sufficiently discussed in connection with the first two cases, it need 


not be gone into again. 
In this instance we have a flexible mediastinum, an inert diaphragm 


free from adhesions, and a labile intrathoracic equilibrium. These are 


Fics. 5 AND 6. CASE 3 


Fic. 5. Taken in forced expiration. Note the long distance of right cardiac border from 
midsternal line and small difference in the height of the crest of diaphragm on untreated side 
and fluid level on pneumothorax side. 

Fic. 6. Taken in deep inspiration. Note markedly diminished distance of right cardiac 
border from midsternal line; also even more marked increase in the difference of the height 
between the crest of diaphragm on the untreated side and the fluid level on the pneumothorax 
side. The “pendular movement of the mediastinum” and “paradoxical movement of the 
diaphragm” are both -lcarly shown. F 


the very conditions, and the only ones, necessary for the production of 
these phenomena which are best characterized as ‘‘movements of 
balance.” 


It is noteworthy that the presence of an effusion in the last two cases 
did not interfere with the production of the ‘‘movements of balance.” 
The comparative rarity of these phenomena in pneumothorax cases, 
referred to by Barjon, is easily explained by the great frequency of 
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diaphragmatic and mediastinal adhesions in tuberculous chests; and it is, 
apparently, not due to the complexity of their mechanism. 

In summing up, intrathoracic equilibrium in pneumothorax is con- 
stantly being disturbed and readjusted. A change in the intrathoracic 
pressure in the pneumothorax side must be balanced by appropriate 
changes in the untreated hemithorax and in the relative position of the 
mediastinal structures. The significant thing in the study of the 
mechanism of the so called ‘‘movements of balance” is that these move- 
ments are in response to a delicately adjusted and extremely labile intra- 
thoracic equilibrium frequently existing in pneumothorax. 


PRACTICAL INFERENCES 


The practical significance of the effects of the disturbance in the intra- 
thoracic equilibrium in pneumothorax should be thoroughly appreciated. 
However, it is not the purpose of this paper to discuss this phase of the 
subject in detail but merely to summarize the salient points. 

In the presence of a fixed mediastinum, the effects on the untreated 
side are practically negligible, because the rigid mediastinum will stand 
the brunt of the increased intrathoracic pressure without transmitting 
it to the untreated side. In the presence of a flexible mediastinum (one 
practically free from adhesions) the increased intrathoracic pressure on 
the pneumothorax side will affect the intrathoracic pressure as well 
as the negative intrapleural pressure on the untreated side, increasing 
the one and decreasing the other. The extent of these influences will 
depend on the elastic recoil (flexibility) of the mediastinum and the 
pressure exerted from the pneumothorax side. In any event, there will, 
of necessity, result a partial compression of the untreated lung with 
resultant diminution in its air reserve, but with a proportionate increase 
in the ventilation of its alveoli. That this partial compression of the 
untreated side may have, and frequently does have, a beneficial effect 
has been well demonstrated. Many observers have recorded the great 
improvement in the affected untreated lung that has come about as a 
result of the pneumothorax on the opposite, more affected lung. Allow- 
ing for other factors which may have a share in it, we cannot help feeling 
that the partial compression of the untreated lung played no small part 
in this beneficial effect. 

Another important influence of the increased intrathoracic pressure in 
pneumothorax is its effect on the circulatory apparatus. It diminishes 
or totally destroys the “‘aspiratory factor” in the venous circulation. 
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As is well known, the thoracic aspiration of the blood from the large 
veins into the right heart during inspiration is one of the important 
factors in the venous return. Such an interference with the aspiratory 
factor seriously embarrasses the venous return, thus favoring stasis or 
causing increased cardiac action to compensate for this embarrassment. 

It is also to be noted that the displacement of the thoracic viscera 
resulting from changes in the intrathoracic pressure relationship may 
mechanically interfere with their functional efficiency; and, when occur- 
ring suddenly, may give rise to distressing symptoms and even result 
fatally if not quickly relieved. The most dramatic illustration of the 
effects of sudden disturbance in the intrathoracic equilibrium is not 
infrequently observed during aspiration of effusions whether it be in 
pneumothorax cases or in other instances of copious exudates. A typical 
instance is the following: 

Case 2 was being aspirated. While the fluid was being cautiously and 
slowly withdrawn, the patient’s pulse and general condition were care- 
fully observed. He was also instructed to inform the operator at once 
the moment he felt “‘queer” in the chest. When about 1000 cc. of fluid 
were withdrawn, the patient suddenly began to complain of extreme 
precordial distress and, as he subsequently explained, he thought he was 
dying. His pulse and general appearance showed marked cardiorespira- 
tory embarrassment. The aspiration was stopped immediately, and air 
was allowed to flow in rapidly, all connections with the pneumothorax 
apparatus having been previously arranged, as is done in all our aspira- 
tions. In less than a minute these distressing symptoms were relieved 
completely as a result of the rapid reéstablishment of the intrathoracic 
equilibrium by recreating the pressure conditions which existed in the 
thorax prior to the aspiration. Similar instances can be cited from the 
pneumothorax experience of all operators. 


SUMMARY 


1. The effects of the changed intrathoracic condition in pneumothorax 
on the untreated side and on the circulatory apparatus are far-reaching. 
Therefore, the mechanism of the intrathoracic equilibrium in pneumo- 
thorax should be thoroughly understood by the operator. 

2. With a mediastinum effectively fixed by adhesions, the effect of 
unilateral pneumothorax on the opposite side is practically negligible. 
For the rigid mediastinum will stand the brunt of the increased intra- 
thoracic pressure on the pneumothorax side without transmitting it to 


the untreated side. 
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3. In the presence:of a flexible mediastinum the intrathoracic equilib- 
rium in pneumothorax is very delicately adjusted. And any disturb- 
ance in the intrathoracic pressure on the treated side will have a pro- 
portionate effect on the intrathoracic pressure on the untreated side, as 
well as produce a readjustment in the position of the mediastinal 
structures. 

4. The “‘paradoxical movement of the diaphragm” and the ‘‘pendular 
movement of the mediastinum” are phenomena frequently observed in 
radioscopic study of pneumothorax. ‘These are better characterized as 
‘movements of balance,” and are in response to a delicately adjusted, 
constantly changing, and extremely labile intrathoracic equilibrium 
frequently existing in pneumothorax under the following conditions: 
(a) flexible mediastinum, that is, one relatively free from adhesions, and 
(b) inert diaphragm, that is, one free from adhesions and paralyzed. 

5. The practical significance of the effects resulting from the disturb- 
ance in the intrathoracic equilibrium in pneumothorax are as follows: 

a. Effects on the untreated side: In the presence of a flexible media- 
stinum, there will result a decrease in the size of the untreated hemi- 
thorax, with a corresponding compression of the untreated lung. This 
partial compression of the untreated lung may be of benefit in cases of 
bilateral involvement. 

b. Effect on the circulatory system: An increase in the intrathoracic 
pressure diminishes or totally abolishes one of the most important factors 
of the venous circulation, namely, the thoracic aspiration of the blood 
from the large veins into the right heart during inspiration. Such 
interference seriously embarrasses the venous return, thus favoring 
stasis or causing increased cardiac burden to compensate for this 
embarrassment. 

c. That sudden disturbance of the intrathoracic equilibrium may 
result in serious, and often fatal, cardiorespiratory embarrassment, is 
illustrated by incidents frequently occurring during aspiration of cases 
of hydropneumothorax. That the distressing symptoms resulting from 
such sudden disturbances are quickly relieved by reéstablishment of the 
preéxisting equilibrium is particularly noteworthy. 
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APICAL PLEURITIS 


A STATISTICAL STUDY OF STEREOSCOPIC ROENTGENOGRAMS OF 
267 PRESUMABLY NORMAL STUDENTS’ CHESTS!’ 


JAMES G. VAN ZWALUWENBURG anp A. D. WICKETT 
From the Department of Roentgenology, University Hospital, University of Michigan 


In previous communications by the author attention has been called 
to the frequent occurrence of a roentgenological sign over the extreme 
apex of the lung and interpreted by him as evidence of a pleural thicken- 
ing. Evidence has been adduced of its close association with tubercu- 
losis of the parenchyma of the lung; and it is inferred that the process is 
presumably the result of a tuberculous infection of the pleurae in various 
stages of progression and retrogression, and that it frequently precedes all 
other evidence of tuberculous infection. The further inference that the 
infecting organism reaches the lung by way of the pleurae rather than 
through the straits of the hilum, either by way of the lymph stream, the 
blood or the air passages, is obvious and points directly to a lymphatic 
metastasis through the cervical vessels from some point about the mouth 
or pharynx as the portal of entry, specifically from the tonsil. 

The material for the previous study was that coming to the Roentgeno- 
logical Laboratory from the other clinical divisions of the Hospital and 
is therefore a highly selected group of cases, every one of which presents 
symptoms or physical signs sufficient in the opinion of the examining 
physician to justify the trouble and expense of an X-ray examination. 
It therefore does not represent an accurate cross section of our popula- 
tion, or any average group of our population, and might introduce 
serious errors into our deductions from this data. 

Fortunately, the occasion arose for the examination of a considerable 
body of students and, by arrangement with the University Health 
Service, stereograms were obtained of the chests of the entire membership 


1 Supplementary to a report entitled Apical Pleuritis and its Relationship to Pulmonary 
Tuberculosis. James G. Van Zwaluwenburg and G. P. Grabfield, AMERICAN REVIEW OF 
TUBERCULOSIS, June, 1921, v, 323. 

2 Read before the Trudeau Society of Michigan, Kalamazoo, Michigan, October 14, 1921. 
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of the first and second year classes of medical students. These were all 
carefully examined by the officers of the Health Service from a clinical 
point of view, and all suspicious cases were referred to the Department of 
Internal Medicine for examination and observation. The work was 
carried on independently, and comparison of notes was not attempted 
until the completion of the work. It is the radiographic portion of this 
study that forms the basis of this report. 


Incidence 


Expectation 


Incidence 


Expectation 


Incidence 


Expectation 


Incidence 


Expectation 


Total 258 cases 


CHART 1. CoMBINED STUDENT GROUP 


These two classes number 267 individuals in the early twenties, mostly 
American, but with an occasional member of foreign birth. They are 
at the close of their third and fourth year of residence in Ann Arbor. 
It is a selected group in the sense that they come from better than the 
average home with its better environment and living conditions. One 
would therefore expect to find less evidence of any disease depending on 
social.and economic hardships than in the average individual of the same 
age, except in so far as the rather artificial life in a university community 
might influence them unfavorably. 
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Total 153 cases 


CHART 2. FRESHMAN GROUP 


Of the 267 cases, 9 were rejected from the final tabulation because of 
inadequate stereograms for technical or other reasons. This leaves a 
total of 258 satisfactory stereographic pairs. ‘These have been tabulated 
on a chart similar in every particular to that published previously, so 
that it is comparable in every respect and similar deductions can 


be made directly. 
The main features of these earlier data are strikingly reproduced in the 
more recent figures, but with some differences that justify specific com- 


Total 105 cases 


CHART 3. SOPHOMORE GROUP 
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ment and that depend directly on the difference of the material utilized. 
The incidences for the different lesions have been calculated and tabu- 
lated in parallel columns with those of the previous paper for direct 
comparison and are given in table 1. 


TABLE 1 


Comparative rates of incidence 


d 


x 


zaboratory Group 
‘ombined Student 
‘reshman Group 


0.3009 
0.2209 
0.177 


0.2881 
0.0581 
0.059 
0.057 


0.1992 
0.0271 
0.026 
0.027 


Sophomore Group 0.285 


The comparison of chart 1 with that previously published shows the 
same typical displacement of the obs¢rved as compared with the calcu- 
lated incidence, which was interpreted as an evidence of an etiological 
relationship between the pleural and pulmonary lesions. Not only is 
the displacement similar in kind but the comparison of the ratios of the 
individual values shows them to be of approximately the same magnitude. 
The relationship of the pleural to the pulmonary lesions is not so strik- 
ingly shown because of the relatively fewer number of pulmonary lesions 
observed, but the changes from the expected are the same. 

Because of the lower incidence of pulmonary as compared with pleural 
signs in this later series, a simpler statement of the main argument of the 
previous article is possible, thus: 96 of the total 258 cases showed the 
pleural line either over one apex or both. This is 37.2 per cent. There 


TABLE 2 


Association of pulmonary and pleural lesions 


LABORATORY GROUP STUDENT GROUP 


Expected Found Expected | Found 


Pulmonary 5 66 6 10 


Pulmonary only 14 10 6 


were 16 observed cases of pulmonary shadows. If the distribution of the 
two types of lesions were entirely fortuitous, one would expect to find 
37.2 per cent of the 16 pulmonary lesions, that is, 5.67 cases with both 
lesions present. The observed number was 10. Obviously, then, the 
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one lesion predisposes to the development of the second lesion. Similar 
calculation covering the data of both series are tabulated in table 2. 
Sixteen of these apparently healthy young persons presented shadows 
in the lung which, under ordinary circumstances and in patients referred 
by an experienced physician, would have justified the roentgenological 
diagnosis of tuberculous changes. Of these sixteen, 10 showed shadows 
which were evidently old and presumably healed, and of very limited 
extent; 2 more were of dubious activity; while the remaining 4 left little 
doubt in the mind of the observer of the significance of the signs. These 
16 cases were subjected to an unusually close scrutiny by the Department 
of Internal Medicine, with the result that 8 were classified as entirely 
negative, both as to history and physical signs, 1 suspicious, and the 
remaining 7 presumably with a healed process, and none active. 


TABLE 3 


Comparative frequency of multiple lesions 


LABORATORY STUDENT 
GROUP GROUP 


per cent per cent 
50.0 
11:30 


While the teachings of the modern school of tuberculosis experts had 
somewhat prepared one for the relatively high incidence of 6.2 per cent 
changes referable to pulmonary tuberculosis, one is not prepared for an 
incidence of 96 out of 258 (37.2 per cent) of pleural shadows of similar 
origin. Doubts of the genuineness of the observation seem to be met 
by the conditions of the test, the observations being made by two ob- 
servers with a third as umpire. The shadow is easily demonstrated and 
has been recognized by a number of individuals. The possibility of 
artifact seems to be excluded by the repeated observation of the line in 
the same individual, either unchanged or changed, as well as the con- 
stancy of the statistical ratios in different but related groups. (See 
table 3 comparing freshman and sophomore groups.) The assumption 
that the pleural shadow may result from other infections than the tuber- 
culous cannot be completely contradicted, but the constancy of the 
relationship to observed pulmonary shadows seems to make this unlikely. 
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The only other alternative has already been suggested in the previous 
publication of the author, namely, that the pleurae present a very 
efficient barrier to the further progress of the disease, the shadows re- 
maining as a record of a past unsuccessful attempt at the invasion of the 
lung by the pleural route. This is the interpretation that is favored 
by the present data. 

This interpretation is clearly favored by a study of the relative fre- 
quencies of the solitary pleural lesions and the bilateral pleural lesions 
as compared with the expectations as calculated on the basis of chance. 
In chart 1 it will be observed that the group bwcy (representing cases 
showing only a right pleural lesion) numbers only 37 as against an 
expectation of 54.2. Group awdy (with a solitary left pleural lesion) 
numbers only 16 as against an expectation of 36.8. Group bwdy (repre- 
senting a bilateral pleural involvement) numbers 33 as against an ex- 
pectation of only 15.4. Calculation shows that the single lesion groups 
are “short” by 38 cases. As has been shown in the previous article, 
every individual promoted by the acquisition of an additional lesion 
means the reduction in rank of another individual. The number of 
promotions out of this class must therefore number one-half of 38, or 19 
' cases. But the bilateral pleural class is excessive over the computed 
expectation by 17.6 cases, leaving only 1.4 cases available for other 
sequences from this source. 

If the problem were entirely free from other disturbing factors, one 
would be entitled to conclude that this was the only sequence; and that 
the involvement of the opposite pleura accounted for the entire shortage 
in the unilateral pleurisy groups, since the discrepancy lies well within 
the probable error of observation and computation. These other factors 
while they are present, are so small in this student series that the essential 
correctness of this conception may be accepted. It would appear, there- 
fore, that the involvement of one pleura leads easily and early to the 
involvement of the opposite pleura and that there is relatively little 
tendency for a direct extension to the underlying lung or metastasis to 
the opposite lung. In other words, the pleura is a very effective barrier 
to the further progress of the disease. 

Clinical experience further suggests that once the pleura is passed 
the progress of the disease in the lung is comparatively rapid, both in 
point of time and in width of distribution. 

The relatively high frequency of this lesion observed in normal indi- 
viduals of this series greatly impairs its usefulness as a diagnostic and 
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prognostic sign, if one accepts its essential tuberculous nature, unless we 
can learn to distinguish between the progressing and the arrested lesions, 
Even in the arrested lesions it is not inconceivable that a recrudescence 
may take place at any time from a few residual bacilli in the old sclerotic 
mass, whenever the equilibrium between the invader and the host is 
upset. Such lesions must always remain as an evidence of a previous 
successful resistance against the invader, with the presumption that 
future resistance will be at least as effective. Such evidence may be 
interpreted as reassuring but scarcely justifies, without other evidence, 
the assumption that a continuation of the conflict or a new attack will 
find a similarly favorable termination. 

Certain types of the pleural line are associated in our limited experience 
with progressive processes. ‘This is particularly true of the broad hazy 
shadows of relatively little density showing irregularities along the 
visceral surface. The density of the shadow probably depends directly 
on the amount of scar tissue present; the lack of density to the failure 
of organization and cicatrization. The irregularities on the visceral 
surfaces are interpreted as extensions along the connective tissue tra- 
beculae, which extend into the lung from the pleural surface and sub- 
divide the lung into its minor lobules, and must be considered a “ breach 
of the defenses.’”’ In fact, any irregularity of the visceral surface, even 
when of good density, must be viewed in this light. But only more 
extended experience with cases that can be observed at long intervals will 
serve to clarify this question and permit us to do more than speculate. 

In this connection the two following cases may be of interest: 


No. 30254. Mr. H., a student, included in the above series and classi- 
fied as having a heavy pleural line over each apex with mossy and tented 
visceral surface. This case is not included in the 16 cases with pulmonary 
shadows. Approximately six months later he writes from a sanatorium in 
New Mexico, reporting hemorrhages and physical signs of active tuberculosis 
which the attending physician claims must have been active at the time the 
roentgenographic examination was made in this laboratory. A review of 
the stereoscopic pair fails to disclose any parenchymatous involvement but 
an unusually wide soft pleural line with marked tenting. 

One can scarcely escape the conviction that the process has extended to the 
lung through the pleurae subsequent to our examination. 


No. 33205. Miss F. C., nurse. The patient first came under examination 
in July, 1920, because of a definite complaint and a past history of a serious 
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pleurisy. The examination at this time showed a distinct pleural line over 
the left side, extending into the axilla and continuous with a shadow obliterat- 
ing the costophrenic angle, narrow and very dense, and evidently the scar 
of an old serous effusion. The opposite apex was fairly clean. There were 
no signs of intrapulmonary changes. 

The patient was next seen in March, 1921. She had complained for some 
-time of being tired, ate poorly, and was losing slightly in weight. Because of 
marked stigmata of hysteria, these complaints had not been taken seriously. 
The X-ray examination at this time showed, in addition to the previous signs, 
a very faint, hazy pleural line over the right side, with indefinite visceral 
border. The attention of the authorities was called to the recent develop- 
ment of this process and its suspicious significance; but it was thought unwise 
to “hospitalize” her, and compromise measures were introduced. 

On the fifth of April, approximately three weeks since the last previous 
examination, another X-ray examination was undertaken. This showed a 
well marked subpleural shadow, rather extensive, for the most part poorly 
defined, and with only minor exaggeration of the B-V tree along the lines of 
lymph drainage from the hilum. A diagnosis of frank pulmonary tuberculosis 
was now made and every effort made to combat the disease. 

In spite of such efforts, the last examination, undertaken on the twenty- 
first of April, shows rapid progress, both in the distribution and in the destruc- 
tive features of the lesion, showing beginning cavitation. In the meantime 
the patient had developed a hemorrhagic tendency, tubercle bacilli were numer- 
ous in her sputum and the prognosis was apparently bad. The clinical features, 
on the other hand, remained rather satisfactory. The patient maintained 
her nutrition, had very little fever and otherwise did not appear unwell. 

I think one must conclude that we have witnessed in this case the develop- 
ment of a case of tuberculous cavitation from its inception, and its early 
demonstration as a scarcely perceptible pleural process in which the pleural 
defenses were early overcome with a rapid extension into the subpleural tissues. 


It appears from these two cases that the pleural line may be the earliest 
indication of a progressive and serious invasion of the lung. On the 
other hand, in the face of the occurrence of a pleural line in 37.2 per cent 
of this series of apparently normal individuals who give no history even 
remotely suggestive of previous infection with the tubercle bacillus, it is 
absurd to attach more than a minimum of importance to this shadow 
in the clinical estimation of the individual’s health. In the opinion 
of the writer it is entitled to be regarded only as an evidence of 
anatomic changes the significance of which must be judged in the light of 
other findings. 
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An exactly analogous situation exists with regard to the observed 
intrapulmonary shadows which have been used and are being used in 
the diagnosis of pulmonary tuberculosis. There can be little doubt 
concerning the correctness of these observations or of their origin, 
Practically everyone is agreed that they represent the results of an inva- 
sion by the tubercle bacillus. The total lack of agreement with the 
physical findings is not surprising, since the physical signs, with the 
exception of the evidence of moisture, are notoriously unreliable except 
for the grosser lesions. The X-ray, on the other hand, with the modern 
refinements of instrumentarium and technique, is in a position to demon- 
strate relatively minute lesions and has a marked advantage in the 
demonstration of minor anatomical changes. 

But the careful physician is not interested primarily in the demon- 
stration of anatomic changes. A scar in the lung is essentially no 
different from a scar elsewhere in the body. He is interested rather in 
whether the patient’s health is suffering as a result of the observed 
anatomic changes. And this after all must be determined on the clinical 
data—the patient’s strength, his weight, his appetite, temperature and 
other things, the knowledge of which antedates both physical diagnosis 
and the X-ray. 

This judgment is exceedingly difficult, so difficult that the internist 
has been eager to use every agent that will assist him, and one of the 
most important of these agents is the X-ray. But it is time to call 
attention to its limitations. It is no small assistance to the internist 
to have these anatomic changes demonstrated, but the judgment as to 
whether or not these changes are of significance to the patient rests 
squarely on the shoulders of the internist. It is for him to decide whether 
the patient is simply tuberculous or has “tuberculosis.” 

In the meantime, let us not lose sight of the assistance in the study 
of the etiology and the pathological sequence in this disease which may 
be brought by the careful employment of the X-ray. We shall follow 
with a great deal of interest the after-history of this group of cases and 
in particular the 16 cases with suspicious lung Signs. 


We wish to acknowledge our obligation to the University Health Service and its officers, 
through whom this study was made possible. 
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A brief summary of the records of these sixteen cases follows: 


45. R. O. G., age twenty-seven, male. 

X-ray findings: Bilateral apical line; grouped shadows beneath the 3rd rib under the 
shoulder, with distinct radial lines running to the superior cornu of the left hilum. On the 
right a group of shadows, reticular in type, in the 4th interspace posteriorly; a small Crane’s 
comma. Interpretation: Suspicious of a recent tuberculous process. 

Clinical findings: Personal history: While in service was gassed, hospitalized five weeks, 
with bloody sputum, and later a dry cough. Influenza with considerable pain on breathing 
in 1918. At present, cough induced by violent exercise and dust inhalation. Twenty 
pounds under weight. Physical examination: Negative. Interpretation: No evidence of 


tuberculosis. 


263. A. E. P., age twenty-four, male. 

X-ray findings: Extensive pleural line over both apices; exaggeration of the B-V 
tree into the right apex and into the right paravertebral space, including numerous small 
fusiform and elongated shadows in the course of the bronchi; excessive number of small 
opacities in the left hilum, radiating with the upper radicles and trunks. A few of these 
show beginning calcification. Interpretation: Chronic pulmonary tuberculosis, rather old. 

Clinical findings: Personal history: History of illness at the age of six, which suggests 
empyema with spontaneous rupturing of a bronchus. Influenza in 1918. Physical exami- 
nation: Negative. Interpretation: No signs of tuberculosis. 


293. L. S., age twenty-three, female. 

X-ray findings: No pleural line. Definite Dunham’s fan in the left apex posteriorly; 
grouped shadows in the right, in the 3rd interspace anteriorly and in the 4th interspace in 
the midscapular line. Both cornua contain an excessive number of calcified densities and 
there are isolated calcified nodules in both lowers. Interpretation: Bilateral pulmonary 


tuberculosis, evidently of some age. 

Clinical findings: Personal history: She has no complaint. Father died of miliary 
tuberculosis. One brother treated for pulmonary tuberculosis and regarded as an arrested 
case. Had typhoid at six during an epidemic. Tonsils removed eight years ago, were 
thought to be tuberculous. Physical examination: Dulness at the left apex, bronchovesicular 
breath sounds, increased voice transmission, both whispered and spoken; no rales. Interpre- 
tation: These are the signs of consolidation; this is regarded as an inactive case. 


56. J. K. H., age twenty-four, male. 

X-ray findings: There is an indistinct pleural line over the left apex; the lung fields 
show patchy reticulated shadows in the left 3rd interspace posteriorly and in the right upper 
lobe. Increased density of both upper cornua, on the left including a circumscribed soft 
shadow. On the right side there are numerous small grouped shadows in the upper cornu. 
Interpretation: Under ordinary circumstances we should consider this a tuberculous chest. 

Clinical findings: Family history: Negative. Personal history: Occasional cold; slight 
attack of influenza in 1918 followed by several months of cough. Now feels well. Physical 
examination: There are dulness and distant breath and voice sounds at the left apex. On 
the right there is no evidence of consolidation, but there are rales on coughing in the 2nd 
and 3rd interspaces. On the second examination the rales had disappeared and the signs 
in the left apex are as before. Interpretation: Left apical pleuritis. 


14. S. K. B., age twenty-three, male. 
X-ray findings: No pleural line. On the right side, under the 2nd rib anteriorly, there 
are rather prominent expansions of the bronchovascular tree. Several of them are grouped. 
The hilum shadows are pronounced, contain an exaggerated number of small opacities of 
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low degree of density. There are no parenchymatous shadows on the left side. There js 
a large, soft shadow in the lower cornu of the left hilum. Interpretation: Suspicious of 
tuberculosis. We are at a loss to account for these findings on any other basis. 

Clinical findings: Family history: The father previously had asthma but has been cured, 
Personal history: Negative. Has no complaint. Physical examination: On examination we 
find limitation of movement and retraction at the right apex with dulness and distant breath 
sounds. Noridles. Interpretation: Right apical pleuritis. 


237. A. J. K., age twenty-two, male. 
X-ray findings: The right apex shows a pronounced pleural line beneath which is a 
group of small opacities lying in a rather exaggerated reticulum, the whole definitely fan 
shaped, converging on the upper cornu of the hilum, the fan probably being about an inch 
and a half at the base. The hilum, while not distinctly enlarged, contains an exaggerated 
number of small opacities. The left side of the chest is negative. Interpretation: Early 
pulmonary tuberculosis. 
Clinical findings: The patient has never been sick enough to consult a physician and 
has no complaint at present. Physical examination: Entirely negative. 


225. A. L. G., age twenty-six, female. 

X-ray findings: No apical pleuritis. In the left apex posteriorly in the 2nd and 3rd 
interspaces, there is a group of shadows of considerable density, circumscribed and asso- 
ciated with minor exaggerations of the B-V tree, the base of a pyramid converging on the 
left upper cornu. In part, these shadows appear calcified, but others are less dense. No 
demonstrable pleural shadow above this. On the right side, beneath the 5th rib in the 
back and perhaps a quarter of an inch out of the plane of the pleura, there is another rather 
large calcified shadow, irregular in outline but with very little exaggeration of the B-V tree. 
Interpretation: This is evidently an old tuberculous process, with every evidence of healing 
and nothing recent. * 

Clinical findings: Family history: Negative. Personal history: Patient had typhoid at 
six, during an epidemic. In 1916 she had edema, said to be due to nephritis, from which she 
recovered when put on a milk diet. Had her tonsils removed in 1919. She has no symptoms. 
Physical examination: Dulness and prolonged expiration at the right apex. There are no 
rales. Interpretation: Right apical consolidation, inactive. 


233. C. B. H., age twenty-three, male. 

X-ray findings: There is a distinct pleural line in each apex, somewhat tented on the 
mesial surface and with a slight exaggeration of the B-V tree on the right side, converging 
on a hilum which is free from any unusual shadows. Interpretation: Bilateral apical pleuritis 
with minor involvement of the right apex of the lung. 

Clinical findings: Family history: Grandfather died of pulmonary tuberculosis. Personal 
history: During the past year he has associated with an active pulmonary case. Has no 
symptoms. Physical examination: Distant breath sounds at the left apex, positive D’Espine, 
prolonged expiration over the right apex posteriorly. Interpretation: Left apical pleuritis, 

consolidation in the right apex. 


216. P. H. Y. D., age thirty-three, male. 
X-ray findings: Bilateral pleural line; right upper lobar pleurisy; accentuation of the 
B-V tree in the right upper, with increase in the right upper cornu. Interpretation: Sug- 
gestion of an old upper lobe pleurisy on the right. 
Clinical findings: Family history: Negative for tuberculosis. Personal history: Nega- 
tive except for an attack of tonsillitis in April, 1921. Physical examination: Dulness at the 
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left apex, prolonged expiration at the right apex, distant breath and voice sounds at the 
left apex, both exaggerated in the right apex. There are no fales. Interpretation: Left 
apical pleuritis; right apical consolidation, inactive. 


91. C. C. M., age twenty-one, male. 

X-ray findings: There is an obscure pleural line on the right side, none on the left. 
Marked accentuation of the B-V tree over the right upper, becoming more pronounced 
towards the upper cornu of the hilum, contains several small, grouped shadows. The op- 
posite lung is normal. Interpretation: We consider this chest suspicious of tuberculous 
infection. 

Clinical findings: Family history: Negative. Personal history: Insignificant except for 
an incision of the neck in 1907, cause unknown. No complaint. Physical examination: 
Negative. Interpretation: Negative. 


97. R. T. M., age twenty-three, male. 

X-ray findings: There is a pleural line on the left, but no shadows immediately under- 
lying it in the parenchyma of the lung. There is a linear accentuation of the B-V tree 
centrally, which leads to the upper cornu of the left hilum, which contains some cylindrical 
densities. Interpretation: Suspicion of tuberculous infection. 

Clinical findings: Family history: Negative. Personal history: Closely associated with a 
friend who developed pulmonary tuberculosis in 1919. Had a dry pleurisy in November 
of 1920. Physical examination: Negative. Interpretation: No evidence of tuberculosis. 


65. C. M. H., age twenty-three, male. 

X-ray findings: The right apex shows a slight pleural line extending well into the axilla: 
In the 1st interspace and in the paravertebral space the B-V tree is exaggerated, converging 
upon the right upper cornu, which is distinctly excessive in size and density and contains 
an excessive number of small opacities. It has an extension laterally along the floor of the 
upper lobe. On the left side there is a small pleural line with calcified shadows in the first 
interspace and numerous calcified shadows in the upper cornu. Interpretation: Healed 
tuberculosis. 

Clinical findings: Family history: Negative. Personal history: Had pneumonia in 
infancy, a minor laboratory infection in May or June of 1920, epidemic in the laboratory. 
Otherwise negative. Physical examination: Dulness in the right apex, with distant breath 
and voice sounds. No rales. Interpretation: Right apical pleuritis. 


44. W. W.G., age twenty-eight, male. This patient has a previous record with negative 
diagnosis in the Department of Internal Medicine. 

X-ray findings: There is a mossy pleural line of limited extent over both apices. There 
is a soft tissue shadow coming down from the cervical region on the left. Under this pleural 
line is a curious fern-frond-shaped expansion of a single member of the B-V tree, which 
terminates at the extreme apex of the lung, and which can be followed as a continuous shadow 
all the way to the hilum. The hilum presents no changes. The opposite side is normal. 
Interpretation: Suspicious of tuberculosis. 

Clinical findings: Family history: Brother supposed to have had tuberculosis seven 
years ago, with recovery. Patient was at home at that time. A paternal aunt died of 
pulmonary tuberculosis. Personal history: The patient has been twenty pounds under- 
weight for six years. Has no symptoms. Physical examination: Bilateral apical dulness, 
exaggerated breath and voice sounds above and below right clavicle. No rales. Interpre- 
tation: Right apical consolidation, inactive. Left apical pleuritis. 
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100. G. E. M., age twenty-six, male. 

X-ray findings: There is a distinct pleural line on both sides; exaggeration of the B-V 
’ tree leading to the upper cornu of the right hilum, which shows a collection of a large number 
of small opacities, evidently calcified. There is also a considerable lateral extension of these 
shadows along the floor of the upper lobe. Excessive number of small opacities in the left 
hilum. Interpretation: Evidence of old tuberculous infection, possibly healed. 

Clinical findings: Family history: Negative. Personal history: Many attacks of tonsil- 
litis. No present complaint except for a slight cold for the past three days. Physica] 
examination: Septic tonsils, chronic cervical adenitis. Examination of the chest is negative. . 
Interpretation: No evidence of tuberculous infection. 


66. M.A. H., age twenty-three, male. 

X-ray findings: Both apices show a narrow, extensive pleural line, on the right side 
reaching into the axilla. There is also a horizontal band of shadow beneath the 6th rib 
posteriorly on the right. The entire B-V structure on the right side is exaggerated and some- 
what patchy. Many small opacities in its course and in the upper cornu of the right 
hilum. Conspicuous collection in the lower cornu, extending into the cardiohepatic angle. 
Interpretation: No diagnosis possible except for an old pleurisy along the right upper. Suspi- 
cious of tuberculous infection. 

Clinical findings: Family history: Negative. Personal history: No complaint. Best 
weight, 207 pounds. Present weight, 197 pounds. Otherwise negative. Physical exami- 
nation: Negative for any thoracic signs. Interpretation: Entirely negative. 


22. W. B., age twenty-three, female. 

X-ray findings: There is a bilateral pleural line, rather indistinct. A striking feature 
of the plates appears in the lower lobe. This is an extension of the lower cornu of the hilum, 
expanded in size and of about uniform density, and in its lower portion containing a number 
of small opacities, evidently calcified, discrete and spherical, very much like the ordinary 
Ghon’s, but curiously grouped at the duter limits of this reticulated extension of the hilum 
shadow. Interpretation: Weare inclined to interpret this as the residuum of an early process, 
not clearly tuberculous but presumably of such etiology. No evidence of present activity. 

Clinical findings: Family history: Negative. Personal history: Had severe tonsillitis and 
quinsy every winter until tonsillectomy in 1918. Now no symptoms. Present weight 
118 pounds, which is her best weight. Physical examination: Lungs negative. Interpreta- 
tion: No evidence of tuberculosis. 
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THE EFFECT OF SUNLIGHT AND OVEN HEAT ON 
EXPERIMENTAL TUBERCULOSIS! 


J. B. ROGERS 
From the Laboratories of the Cincinnati Tuberculosis Sanatorium 


In a recent issue of this journal, Mayer (1) made a scholarly and pains- 
taking review of the sunlight and artificial light therapy of tuberculosis. 
A repetition therefore seems redundant; but inasmuch as sunlight has 
been so extensively used in treatment any further study of it is seasonable. 
Results obtained by different workers at first appeared encouraging; 
but after subsequent study of the cases concrete proof of any specific 
beneficial influence has been lacking. 

Since there are numerous contraindications to heliotherapy in the 
pulmonary forms of the disease, such as fever, rapid pulse, loss of ap- 
petite, insomnia, nervousness, hemorrhage—in short, the toxic symptoms 
of tuberculosis—the majority of clinicians, especially those dealing with 
the pulmonary types, have discarded the method. One group of cases, 
however, might receive consideration as heing suitable for sunlight 
therapy; I refer to extrapulmonary types, such as bone and joint, 
glandular, skin and peritoneal infections; for the results obtained by 
various workers in these classes of patients, including particularly those 
of Hyde and LoGrasso (2), are most encouraging. 

Pottenger (3) states that heliotherapy is not a cure for tuberculosis, 
but serves only as a means of rendering the patient stronger and more 
resistant to infections; that is, it acts in no specific way except in su- 
perficial tuberculosis, where it produces hyperemia and exerts a germi- 
cidal effect. 

The increase of the lymphocytes due to sun exposure has been offered 
as an explanation for the beneficial influence of sunlight. Taylor (4) 
studied the cytology of the blood of people who had spent the summer at 
the seashore and found that 25 out of 38 showed an increase in the number 
of circulating lymphocytes. Wickline (5) found an increase in the 
lymphocytes of soldiers who had been exposed to the tropical sun of 

1A study made through the aid of funds from the Jewish Consumptive Relief Society 
of Cincinnati. 
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the Philippines. Murphy and Sturm (6) reported a similar increase in 
the lymphocytes of mice produced by means of heat, and they noted 
a marked increase in the resistance to tuberculosis in such animals. 
Corper (7) made corresponding experiments with dry heat on guinea 
pigs, but found neither lymphocytosis nor increase of resistance to 
tuberculosis. 

The purpose of the experiments here reported wasto determine whether 
or not any increased resistance to tubercle bacillus infections could be 
obtained, either by sunlight or as the result of dry heat, and whether 
the underlying cause for such increased resistance might be sought. 
Since the two factors in natural sunlight, namely, heat and light, are so 
intimately associated, it seemed reasonable to combine the work done on 
sunlight and oven heat in this report. During the progress of the work, 
the fact was constantly kept in mind that results obtained in experi- 
mental infections of the guinea pig do not necessarily demonstrate what 
might occur in man. 


RECORD OF EXPERIMENTS 


Experiment 1. Thirty-eight guinea pigs, of approximately the same 
size and age, were infected by the inhalation of tuberculous sputum, 
the method employed being the same as that used in previously reported 
experiments (8). They were then divided into three groups, A, B and 
C. Group A consisted of 16 animals which were placed in a wire cage 
and exposed to the sun daily out-of-doors, the period of exposure be- 
ginning with five minutes for the first day and gradually increasing 
until it reached several hours each day. The daily temperature was 
taken and recorded, as well as the number of hours the animals were 
exposed to the sun. The duration of life of the animal, as well as the 
amount of tuberculous involvement at death were used as a gauge, by 
which we measured the results. Therefore, each animal was carefully 
sectioned and the degree of involvement recorded. It was found that 
this group gave a general average of 613 days for the duration of life, 
and the average exposure and temperature were 76 hours and 34°C. 
respectively. 

Twenty-four hours after infection, group B (consisting of 10 animals) 
was placed in a Lautenschlager hot air sterilizer for a period of five 
minutes, at a temperature ranging from 55° to 65°C., the animals being 
protected from contact with the hot metal by thick layers of bath towel- 
ing. After heating, the pigs were returned to their cages and not dis- 
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turbed any further. The average duration of life for this group of 
guinea pigs was 57 days. 

Group C consisted of 12 animals and was used as control for the 
experiment. The duration of life was 63 days. 

The results in all three groups are assembled in table 1. 


TABLE 1 
Experiment 1 
Group A. Sunexposed. Infected by inhalation on August 8, 1921 


ANIMAL DURATION OF HOURS EXPOSED AVERAGE DEGREE OF 
DISEASE TO SUN TEMPERATURE INVOLVEMENT 


Average 


Group B. Exposed to dry heat. Infected by inhalation August 8, 1921 


ANIMAL DURATION OF DISEASE DEGREE OF INVOLVEMENT 


UMP WD 


Average 


days : 
26 11 36 
27 36 +++ 
35 20 35 wet 
41 34 34 
53 63 32 +++ 
54 101 32 ++++ : 
61 101 31 +++ F 
63 101 31 +++ 4 
63 101 31 t+++ 
10 64 101 31 ++ 
11 71 101 31 +++ . 
12 74 101 31 +++ 
13 78 101 31 ++4++ 
14 88 101 31 +++ i 
15 90 101 31 ++++ 
16 96 101 31 +-+++ 
614 76 34 
days a 
37 +++ 
39 +++ 
42 
49 +++ 
54 +++ 
55 +++ 
56 +++ 
58 
84 
1 94 
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TABLE 1—Concluded 
Group C. Controls. Infected by inhalation on August 8, 1921 


ANIMAL DURATION OF DISEASE DEGREE OF INVOLVEMENT 


Conran WD 


Experiment 2. Twenty-two guinea pigs were inoculated subcutane- 
ously in the left groin with 0.5 cc. of a rather thick emulsion of human, 
virulent, tubercle bacilli, and again divided into three groups, A, B, 
and C. Group A consisted of 8 animals and was exposed to sunlight 
daily, beginning with a period of 10 minutes and increasing gradually to 
several hours each day as long as the animal lived. The time of exposure 
and the temperature were both recorded daily. The duration of life for 
this group was 39 days; and the average period of exposure 38 hours, 
with an average temperature of 31.5°C. 

Group B consisted of 7 guinea pigs which were exposed to dry heat 
under the same conditions as those in Experiment 1. The average 
duration of life for this group was 45 days. 

Group C comprised the control animals and consisted . 7 guinea 
pigs. The average length of life was 39 days. 

The animals in these groups were carefully autopsied and the results 
(table 2) showed the degree of involvement to be comparable in the three 
groups. 

Experiment 3. Thirty guinea pigs, of approximately the same age and 
size, were inoculated with 0.1 mgm. of living virulent human tubercle 
bacilli subcutaneously in the left groin. They were divided into three 
groups of 10 pigs each. 


122 

| days 
i 29 ++ 
45 

53 beste 
4 54 ++++ 

54 +++ 

55 

i 56 

63 ++++ 
ce 66 +++ 

10 76 ++++ 

11 91 
4 12 95 

| 


EFFECT OF SUNLIGHT AND OVEN HEAT 


TABLE 2 
Experiment 2 


Group A. Sun exposed. Inoculated with virulent human tubercle bacilli on 
September 1, 1921 


DURATION OF HOURS EXPOSED DEGREE OF 


TO SUN 


Group B. Exposed to dry heat. Inoculated with human virulent tubercle bacilli on 
September 1, 1921 


DURATION OF DISEASE DEGREE OF INVOLVEMENT 


Group C. Control animals. Inoculated with human virulent tubercle bacilli on 
September 1, 1921 


DURATION OF DISEASE DEGREE OF INVOLVEMENT 


ANIMAL DISEASE — TEMPERATURE INVOLVEMENT 1 
days 
20 31 32 ++ d 
28 48 31 ++ a 
35 72 30 ++ : 
37 78 30 +++ 4 
40 78 30 
41 78 30 +++ 
54 78 30 +++ 
56 78 30 +++ 
Average....... 39 68 31.5 : 
ANIMAL 
days : 
1 34 
2 38 
3 44 +++ 
4 46 +++ ! 
5 46 +++ 
6 49 +++ 
7 56 ++++ 
45 
1 20 + " 
3 33 +++ 
bs 42 +++ 
5 45 +++ 
6 52 
7 53 +++ 


TABLE 3 
Experiment 3 


Group A. Sun exposed. Inoculated on September 20, 1921; with 0.1 mgm. of living 
virulent tubercle bacilli 


AVERAGE DEGREE OF 
TEMPERATURE INVOLVEMENT 


DURATION OF DISEASE HOURS IN SUN 


days 


+44 
++ 


Chloroformed on No- 
vember 11, 1921 


10 


Group B. Oven heated. Inoculated with 0.1 mgm. of living virulent tubercle bacilli on 
September 20, 1921 


DURATION OF DISEASE DEGREE OF INVOLVEMENT 


Chloroformed on November 
11, 1921 


Group C. Controlanimals. Inoculated with 0.1 mgm. of living virulent tubercle bacillion 
September 20, 1921 


DURATION OF DISEASE DEGREE OF INVOLVEMENT 


days 


30 
50 


43} 


T++ 
Chloroformed on November +++ 
11, 1921 
+++ 


q ANIMAL 
t 1 24 55 29 
2 43 83 25 
i 3 47 93 24 
i i 4 50 96 24 +++ 
Average. ..... 41 82 25.5 
5 96 24 +++ 
; 6 96 24 +++ 
8 96 24 
9 96 24 +++ 
96 24 +++ 
| ANIMAL 
days 
| 1 22 ++ 
2 35 tT 
3 44 ++ 
F 4 45 +++ 
5 47 +++ 
6 52 | 
a 7 
9 
10 +++ 
ANIMAL - 
1 ‘ 
2 
3 
4 
7 
8 
| | 9 
10 
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Group A was exposed to sunlight as in the previous experiments. 
Group B was heated at 65°C. for five minutes three days after inocula- 
tion. Group C was used for control. 

After 52 days, 4 of the sun exposed group, 6 of the oven heated and 
4 of the control animals had died: this giving an average of 41, 41 and 
434 days for the sun exposed, oven heated and controls respectively, 


TABLE 4 
Experiment 4 


Heated animals. Inoculated on August 28, 1920, with 2 mgm. of virulent bovine tubercle 
bacilli 


DEGREE OF INVOLVEMENT 


+ 
++++ 


Unheated animals. Inoculated on August 28, 1920, with 2 mgm. of virulent bovine tubercle 
bacilli 


DEGREE OF INVOLVEMENT 


& 


the sun exposed having received an average of 82 hours in the sun at an 
average temperature of 25.5°C. The remaining animals were chloro- 
formed and sectioned on the fifty-second day. Those having been ex- 
posed to the sun had a record of 96 hours’ exposure. The lesions were 
recorded as in experiments 1 and 2, and there was found to be no differ- 
ence in the amount of involvement in the three groups, neither those 
dying before 52 days nor those killed and sectioned at the end of this 
period (table 3). 

Experiment 4. Eight white mice were heated for aves minutes at a 
temperature ranging from 55° to 65°C. Five days later they were 
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inoculated with 2 mgm. of virulent bovine tubercle bacilli, together 
with 8 unheated control mice. Twenty-one days after inoculation they 
were killed, autopsied and the lesions recorded. No difference in the 
tuberculous involvement could be noted in the heated and unheated 
groups (table 4). 

SUMMARY 


1. Ninety guinea pigs were infected with virulent human tubercle 
bacilli, either by inhalation or subcutaneous inoculation. 

2. Thirty-four of these animals were exposed to natural sunlight 
daily, beginning with a five minute exposure and gradually increasing 
to several hours each day during an average period of fifty-one days. 
Their average duration of life was 47 days. 

3. Twenty-seven of the guinea pigs were exposed to dry heat at a 
temperature ranging from 55° to 65°C. for five minutes; 20 of them © 
twenty-four hours after inoculation, and 7 three days after inoculation. 
Their average duration of life was 48 days. 

4. Twenty-nine of the guinea pigs were used as control animals. 


- Their average duration of life was 483 days. 


5. The tuberculous involvement in these three groups of guinea pigs 
was approximately the same. 

6. Sixteen white mice were jnoculated intraperitoneally with 2 mgm. 
of virulent bovine tubercle bacilli; 8 of them had been heated three days 
before inoculation at a temperature ranging from 55° to 65°C. for five 
minutes. The amount of tuberculous involvement was found to be 
approximately the same in the heated and nonheated mice. 


CONCLUSION 


Natural sunlight and dry heat seem to have no effect on guinea pigs 
and white mice inoculated with virulent tubercle bacilli. 


(Thanks are due to Dr. H. K. Dunham for obtaining and placing the necessary funds at 
my disposal and to Dr. A. C. Bachmeyer for providing adequate facilities for the work.) 
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THE TRANSMISSION OF COMPLEMENT-FIXING 
SUBSTANCES FROM MOTHER TO CHILD 


J. V. COOKE 


From the Department of Pediatrics, Washington University School of Medicine, and the Saint 
Louis Children’s Hospital, Saint Louis, Missouri 


The presence of complement-fixing substances in the blood of infants 
at birth has been reported by Rosencrantz (1) who studied blood from the 
umbilical cord in 100 unselected cases from a large maternity hospital 
in Paris. Using as antigen an extract of tubercle bacilli obtained from 
prolonged maceration on the waterbath, she found 14 positive, 78 nega- 
tive and 8 doubtful reactions, while with an antigen of whole tubercle 
bacilli the number of positive reactions was considerably increased. 
There was no opportunity to test the blood of the mothers or to make 
other examination of them. In the present paper, the results of a similar 
series of tests are reported. Not only was the blood from the umbilical 
cord tested, but in a number of instances the blood of the mother and 
also that of the infant were examined later by the complement fixation 
test. It was shown that complement-fixing antibodies present in the 
maternal blood may be transmitted to the offspring and persist in the 
infant’s blood for a number of’ weeks but that they disappear com- 
pletely usually after the second month. 


METHODS 


The complement fixation tests were carried out by a technique de- 
scribed previously (2), using a whole bacterial emulsion antigen and 
inactivated serum. In order that an approximate idea of the strength 
of fixing bodies present could be obtained, a titration of each serum was 
carried out, using 0.2 cc., 0.1 cc., and 0.05cc. Those serums giving com- 
plete fixation with 0.05 cc. were called strongly positive, or +++; 
those giving complete fixation with 0.1 cc. but not with smaller amounts 
were considered moderately positive, or + -+; and those requiring 0.2 cc. 
for complete fixation were called weakly positive, or +. When fixation 
was not obtained in 0.2 cc. the reaction was considered negative. 
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RESULTS OF FIXATION TESTS ON CORD BLOODS 


The material was obtained from a number of sources, including several] 
maternity hospitals and out-patient obstetrical services. In all, 427 
cord bloods were tested and the results are summarized in table 1. It 
will be noted that 74, or 17.3 per cent, of these gave positive complement 
fixations for tuberculosis. Of the larger group of white patients, 14.5 
per cent, and of the smaller group of colored patients, 30 per cent 
were positive. 

The exact significance of a positive fixation test for tuberculosis has 
been a matter of some discussion and has been commented upon else- 
where (3). It seems agreed by most investigators that while the positive 
reaction is not always associated with clinical tuberculosis, it is strong 
evidence that the body harbors some pathologically active focus of the 
disease from which antigen is being absorbed. 


TABLE 1 
Results of complement fixation tests on 427 unselected cord bloods 


STRENGTH OF POSITIVE REACTION 
TOTAL PER CENT 


POSITIVE POSITIVE 
51 19 14.5 
23 10 30.0 


74 29 17.3 


From later examination of a number of infants in the series, it is 
certain that no considerable proportion of them were suffering from 
tuberculous infection and highly probable that none of them was infected. 
The source of the fixing substances found in the infant’s circulation at 
birth, therefore, must be the mother, the transfer being effected through 
the placenta. The correctness of such an hypothesis may be tested by 
clinical examination of the mothers for tuberculosis and also by the 
determination of the agreement between the fixation test made on the 
maternal blood and that of the cord blood. 

The mothers of the infants here reported could not all be examined 
clinically, but it is certain that all those giving positive fixation reactions 
did not have clinically recognizable tuberculosis. A few had known 
clinically active lesions. Certain others were given complete physical 
examination, including roentgenograms of the chest, without finding any 
definite evidence of tuberculous disease, although occasionally a latent 
clinically inactive lesion was considered probable from the examinations. 
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The incidence of 30 per cent of positive reactions in the colored race as 
compared with 14.5 per cent in the white, may be accounted for by the 
known higher incidence of tuberculosis in the former. Although both 
figures appear very high if taken as an indication of clinical tuberculosis, 
they may well indicate the relative incidence of persons in whom active 
foci of tuberculosis exist, since frequently such lesions may be of such a 
character as to produce no clinical signs. It is of some interest that, 
while 20 per cent of the positive fixations on. cord bloods were only 
weakly positive, 40 per cent were moderately positive, and the remainder 
strongly positive. 

In a certain number of instances it was possible to compare the result 
of the fixation test on the cord blood with that of the mother’s blood 
taken several months after parturition. The results of these tests are 
summarized in table 2. 

TABLE 2 


Comparison of tuberculosis complement fixation tests on cord bloods with maternal and infant’s 
blood later 


MATERNAL BLOOD LATER INFANT’S BLOOD LATER 


Positive 


Positive Negative 


Negative 


Cord blood negative.............. 57 3 58 0 
Cord blood positive.............. 4 12 15 2 


In 60 cases in which the fixation test on the cord blood was negative, 
a later test of the mother’s blood showed negative reactions in all except 
3. Since in these cases only a few months had elapsed since the birth 
of the child it seems probable that fixing substances were present in the 
maternal circulation during parturition, but were not transferred to the 
infant. 

Sixteen mothers of infants whose cord bloods gave positive fixation 
tests were examined from two to five months later, and of these, 12 gave 
positive and 4 negative reactions. The degree of fixation found in the 
maternal bloods corresponded with that of the previous tests on the 
cord bloods, there being 10 +-+-+ and 2 + reactions. The explanation 
of the four instances in which the cord blood was positive while later 
examination of the mother’s blood gave a negative fixation test is not 
certain. Two of these cord bloods were + reactions and two were ++. 
The activation of a tuberculous focus during pregnancy is a commonly 
observed phenomenon and it is possible that in these cases some tuber- 
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culous focus in the mother had been thus activated, with the production 
of complement-fixing antibodies which later disappeared as the lesion 
became again quiescent. 

The agreement of the tests made on the blood of infants at birth and 
those on the mothers at a later time supports the view that the fixing 
substances are transferred from the blood of the mother to that of the 
infant. 


DISAPPEARANCE OF FIXING SUBSTANCES FROM THE INFANT’S BLOOD 


A later examination was made of 58 infants who had given negative 
fixations at birth and all gave negative reactions after the lapse of six 
weeks to six months. In 17 infants whose fixation tests were positive 
at birth, only 2 remained positive at the end of two months, and these 
had both changed from strongly positive (+++) to weakly positive (+) 
reactions. In the remaining 15 cases the cord blood was +++ in 9, 
+-+in 4, and + in 2, and on later examination of the infants all gave 
negative fixations. The tests were made at 2 months in 7; at 3 months 
in 5; at 4 months in 2; and at 5 months in 1. None of the infants had 
any clinical evidence of tuberculous infection. The conclusion seems 
obvious that the fixing substances transferred to the infant from the 
mother during pregnancy disappear fairly rapidly. In only a few 
instances do they persist at the end of the second month of life, and even 
in these infants the fixing bodies are greatly decreased in amount. They 
have not been demonstrated after the second month. 

The disappearance of transferred complement-fixing antibodies has 
been further illustrated in several infants not included above, who were 
examined both before and after the disappearance of such substances. 
Two of these wilil be cited: 


Case 1. Baby C., whose mother had an active pulmonary tuberculosis, 
was born prematurely (seven and one-half months). The cord blood gave a 
strongly positive (+--+ ++) fixation for tuberculosis. The infant was separated 
from the mother and at the age of three weeks the blood showed a weakly 
positive (+-) fixation. At this time an intracutaneous tuberculin test with 0.1 
mgm. was negative. The baby throve and developed no evidence of tuber- 
culosis. When three months of age a complement fixation test was negative. 


Case 2. Baby A., born of a tuberculous mother who died when the infant 
was eighteen days old, was first seen at the age of two months suffering from 
malnutrition. The Pirquet at that time was negative but the complement 
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fixation test was +-++. Three weeks later the fixation reaction was repeated 
and was found to be negative. The nutrition remained poor but there was no 
fever or any evidence of localized disease. The baby died at three months of 
age and at necropsy a generalized miliary tuberculosis was found, accompany- 
ing a rather extensive tuberculous ulceration of the intestines, which was 
assumed to be the primary focus. 


The foregoing cases illustrate not only the disappearance of the fixing 
substances at the age of three months, but also the fact that with the 
transference of the complement-fixing antibodies no corresponding skin 
sensitivity to tuberculin is transferred to the infant. 

There is considerable evidence, also, that complement-fixing antibodies 
found in young infants are not due to tuberculous infection. A large 
number of infants have been studied (3) by the complement fixation test 
for tuberculosis, and it has been shown that an active tuberculosis 
manifested either clinically or at necropsy is not accompanied by a 
positive fixation reaction during the first year of life. Apparently the 
mechanism for the development of such substances is very imperfectly 
developed in young infants. One of the infants described above (case 2) 
had fixing substances transferred from the mother, but even the develop- 
ment of extensive tuberculous infection was not accompanied by the 
development of fixing antibodies. Those present at birth disappeared 
in the same manner observed in uninfected infants. 

A similar transference of complement-fixing substances from mother 
to infant without transmission of infection has been noted (4) in non- 
syphilitic children of syphilitic mothers. A mother with a positive 
Wassermann reaction may bear a nonsyphilitic infant whose blood at 
birth gives a weakly positive reaction. These fixing bodies disappear 
during the first two months of life. In all such cases observed the reac- 
tion of the mother’s blood was as strong or stronger than that given by 
the infant’s blood at birth. 

The transmission of specific immune bodies from the mother to the 
young has been studied experimentally in animals by a number of 
investigators. Specific antitoxins, lysins, agglutinins, opsonins and 
complement-fixing antibodies have been found in the offspring of immune 
mothers although some of the results are conflicting. As a rule the 
immune substances in the offspring are less in amount than in the 
mother and persist for a relatively short time. Howell and Eby (5) in 
studying opsonins, hemolysins, agglutinins and complement-fixing anti- 
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bodies in rabbits found that ‘the offspring of immune rabbits as a rule 
have antibodies in their serum which persist in appreciable but de- 
creasing amounts for 4 to 6 weeks.” They state that complement-fixing 
antibodies are less readily transmitted to the young than other immune 
bodies studied. 

In man, the demonstration of transmission of immune substances 
from the mother to the infant has not been the subject of much detailed 
study, although observations indicate that such transmission is prac- 
tically certain in some instances. The well known immunity of infants 
under six months of age to the acute eruptive fevers—scarlatina, measles 
and rubella—is apparently an evidence of a passive immunity to these 
infections transferred from the mother. Susceptibility to these diseases 
seems to develop only after such passive immunity has disappeared. 
In diphtheria, also, the large proportion of young infants in whom 
natural antitoxin can be shown by the Schick test indicates a similar 
transferred immunity of the antitoxic variety. The réle of breast milk 
in conferring immunity in infants must be a minor one, since any marked 
immunization by ingestion of immune substances is difficult to conceive. 
The observations recorded in this paper illustrate the transmission from 
mother to infant of one of the more readily demonstrable complement- 
fixing antibodies—that found in tuberculosis—and the relatively tran- 
sient duration of their presence in the infant’s blood. 


SUMMARY 


1. Complement-fixing antibodies present in the mother’s serum may 
be transmitted to her offspring and persist in the infant’s blood for a 
certain number of weeks. 

2. In most instances they have disappeared by the end of the second 
month, and always by the end of the third month. 

3. When a young infant’s blood gives a positive complement fixation 
test for tuberculosis, this reaction is not an evidence of tuberculous in- 
fection in the infant since these fixing-substances are not formed during 
the first year of life. 

4, The presence of such fixation is only noted in young infants when 
transferred from the mother. 

5. The transmission of complement-fixing antibodies in tuberculosis 
is not accompanied by a transmission of substances which render the 
skin sensitive to tuberculin. 
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THE IMPORTANCE OF THE STUDY OF SYMPTOMS OF 
DISEASE, ILLUSTRATED BY PULMONARY 
TUBERCULOSIS! 


F, M. POTTENGER 


Monrovia, California 


This being preéminently the laboratory age of medicine, its progress 
is estimated largely by laboratory standards. Studies based on clinical 
observation alone receive but scant attention, because they are not in 
line with present predominating medical thought. Such judgment, 
however, is not necessarily correct. In every age medicine, the same as 
all other sciences, has considered that the thought prevailing at the time 
was correct. Sydenham writing in 1685 spoke of “‘modern medicine” 
with the same praise that we speak of it to-day. We can make most 
progress by recognizing that medicine is a continually unfolding science 
and by not being afraid to investigate along lines somewhat different 
from those already followed. We must not be slaves to the existing 
order of things, but must recognize progress no matter how it comes, and 
realize that it often comes along lines unsuspected and by some one 
doing what previously had seemed impossible of accomplishment. 
While the laboratory has been the favorite field of investigation so far 
as the discovery of medical facts is concerned, yet medicine is not a 
laboratory study alone. It is a study of disease and pathological 
processes produced by it, on the one hand; and of the patient and the way 
in which he reacts to it, on the other hand. The latter, while by no 
means the less important, has been almost entirely neglected during 
recent years, with the result that clinical observation has been relatively 
barren of results when compared with laboratory investigation. 

No matter what our purpose in medicine, whether it be preventive or 
curative, we cannot progress without having clinical pictures of diseases. 
We must have a description by which we may recognize that which is to 
be cured or prevented. This point has been ably made by MacKenzie. 
One of our great faults as clinicians to-day is that we have ceased to be 
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observers and students of the sick man, and have assumed the réle of 
interpreters of laboratory data, thus recognizing the laboratory as being 
the essence of medicine. Such a course will not bring the greatest 
degree of progress. Instead of being confused and overpowered by the 
revelations of the laboratory, clinicians should have been stimulated by 
the mass of newly discovered facts to the making of better clinical ob- 
servations and the better interpretation of disease pictures. 

A comprehensive understanding of symptoms and the manner in 
which they are produced is essential to the understanding and treatment 
of disease. The study of symptoms is difficult; and clinicians, following 
the lines of least resistance, have been apparently assuming that the 
laboratory would make such study unnecessary. On the contrary, their 
study and comprehension are as necessary or even more necessary than if 
these laboratory branches had never been developed. So, now, after 
three or four decades of marvelous discoveries in pathology, bacteriology 
and chemical pathology, medical science is face to face with the fact that 
one cannot successfully practise medicine by the knowledge gained from 
these studies alone; and further, that they are of little value to medicine 
except as they are applied to the patient. We now face the duty of © 
intelligently applying laboratory data to clinical medicine, and this 
can only be done by acquainting ourselves with the human laboratory as 
thoroughly as we have with physical laboratories, and understanding 
how pathological stimuli produce pathological changes in anatomic and 
particularly in physiological processes. 

Disease expresses itself through symptoms. We recognize a given 
disease, if at all, by grouping symptoms together and finding that cer- 
tain ones are peculiar to one disease and others to another. It is sur- 
prising, as MacKenzie so well points out, how few symptoms are actually 
understood, and in how few diseases the full clinical picture is known. 
It is further surprising how uncertain medical men really are in their 
diagnoses. ‘The uncertainty is not always due to not using the available 
data either, but in many instances our knowledge is limited and our ideas 
far from clear. 

Patients suffering from pulmonary tuberculosis, for example, because 
of a failure on the part of the physician to grasp the reflex nature of many 
of the symptoms, are often treated for diseases of the organs which show 
the reflex disturbances in function without the lung being suspected. 
They often show irritation in the larynx, with hoarseness and cough, for 
which they go to throat specialists who, finding abnormalities in the 
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tonsils and septum, think these structures are causing the symptoms, and 
operate, with a result that in many instances the activity in the tubercu- 
lous process is hastened. Others go to the gastroenterologist because 
of reflex digestive disturbances, and are treated by them sometimes to 
advantage and at other times to disadvantage. The patient with 
pleurisy at the base of the lung sometimes shows pain and rigid muscles 
down over the abdomen, and, if a surgeon is called, an operation is often 
advised instead of a diagnosis being made. 

Such errors and shortcomings are evident in every field of practice. 
These are cited merely as examples. We are disturbed and sorry for 
their occurrence, but until we understand symptoms better and know 
how they are produced, such errors will continue tobecommon. The. 
exploratory incision may at times be necessary, because of our lack of 
knowledge, but it is a reproach to medicine. Laboratory methods alone 
cannot prevent errors in the practice of medicine. They can be greatly 
reduced, however, by adding to present laboratory knowledge an under- 
standing of the manner in which disease expresses itself in the human 
body; that is, by understanding how disease interferes with the normal 
smooth running of the human machine in the production of symptoms, 
To this end an understanding of the nervous system, particularly the 
vegetative part of it, is essential. 

A disease process, no matter what its nature, causes biochemical reac- 
tions in the body. While the ultimate nature of these reactions is not 
wholly clear, yet we know that they result in nerve stimulation, which in 
turn causes altered physiological action or symptoms. If we could only 
understand what nerves are disturbed by each disease-producing factor 
and their relationship to. the body functions we would be much further 
advanced in our understanding of disease than we are now. 

Fundamental to the understanding of symptoms is a knowledge of how 
normal or physiological action is produced. In a previous paper (1), in 
discussing the causation of symptoms, I called attention to principles 
which I believe to be fundamental. If symptoms are disturbances of 
normal physiological action then we must know two things: (1) through 
what agencies normal action in the body is produced, and (2) from what 
sources these controlling agencies are subject to modifying influences. 

It is probable that every cell of the body is presided over by nerves, 
and stimulated to action and inhibition of action through them. Aside 
from this, there are normally found in the body many. substances of 
a chemical nature, some of which we call internal secretions or hormones, 
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which have to do with normal physiological action. Some believe that 
these act through the nerves; others, that some of them, at least, have 
an independent action. However, if all cells are presided over by nerves, 
and action and inhibition of action are the only two functions which can 
be performed, then hormones act either through or with nerves, and the 
effect on the organism is the same as though it were due to nerve stimula- 
tion. When we know the action of nerves in a given tissue and the re- 
lationship between the different hormones and the nerves, then we shall 
have a basis for understanding physiological and pathological activity 
in structures. This line of investigation should be prosecuted with zeal 
in the immediate future. 

Symptoms of disease are far more commonly expressed in disturbances 
of function on the part of those tissues presided over by the vegetative 
nervous and endocrine systems, than in those presided over by the 
voluntary nervous system. This fact unfortunately reacts badly upon 
medicine to-day because the vegetative systems have received so little 
attention by clinicians who are attempting to elicit and interpret symp- 
toms. The importance of these systems, presiding as they do, over the 
contraction of smooth muscle and glandular secretion, thus controlling 
digestion, metabolism, circulation and procreation, and partly controlling 
respiration, the ingestion of food and the ejection of the unutilized por- 
tions from the body, must be evident to every student of disease. The 
fundamental facts regarding the vegetative nervous system as described 
by Gaskell (2) and the integrative action of the nervous system as 
described by Sherrington (3), together with a general knowledge of 
the action of the various hormones (4), (5), (6), should be common 
knowledge of teachers of medicine and clinicians who desire to intelli- 
gently understand symptomatology. 3 

Nerves may be stimulated to action by impulses from without or 
within, and these stimuli may be either of a physical or psychical nature. 

Based upon these facts, I postulate that symptoms of disease may be due 
to abnormal stimulation of the nerves or endocrines, and that the stimuli 
which produce them may be either of physical or psychic origin. 

This accounts for the symptoms found as a result of both abnormal 
physical and psychopathological states. I realize that this in no way 
attempts to explain the nature of the primary biochemical reactions 
which result in nerve or endocrine stimulation, but it does attempt to 
show the manner in which the symptoms are produced, the bridge over 
which a given cause acts in order to produce an effect. 
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It is a physiological conception that equilibrium or normal action in 
the body is maintained through reflex nerve action. Based upon this 
conception MacKenzie (7) has recently suggested that most symptoms of 
disease are due to disturbances in normal reflexes. He has announced this as 
the law underlying the production of most of the.symptoms of disease. 
In this he considers that hormones and all other chemical substances 
which affect function act through the nervous system. He further con- 
siders that the act of perception of pain is the effector component of the 
reflex. The far reaching effect of this conception upon the understanding 
of disease and its symptomatology must be evident to all. 

This conception goes further than the suggestion recently made by me 
(1) that symptoms are due to a disturbance of the normal equilibrium main- 
tained by the nervous and endocrine systems. Both, however, have the 
same purpose, that of showing what it is that carries the influence of an 
effecting stimulus, whether it be a microdrganism or an injurious chemical 
substance, and expresses it as a disturbance in equilibrium which we 
call a symptom. Both suggest the path through which an ulcer in the 
stomach causes pain in the upper left quadrant of the abdomen; an 
inflamed lung produces flushing of the face; a toxemia causes malaise, 
lessened endurance and inhibition of appetite and digestion. They both 
suggest that all such symptoms as leucocytosis, acidosis, protein reten- 
tion, hyper and hypoglycemia and glycosuria, the same as pain and dis- 
turbed motor and secretory functions are not entities, but results of dis- 
turbance of physiological action, and have back of them a disturbance in 
the normal nerve or nerve and endocrine stimulation. 

Such a conception shows that the study of the nervous system, particu- 
larly the vegetative system, and of the endocrine system, is of paramount 
importance, if we would understand through what agencies patients 
react to disease. It is the duty of medicine to prosecute the study of 
these problems with the same vigor that it has attacked the laboratory 
problems which have arisen in the course of study of pathology, Bac- 
teriology and chemical pathology, and at the same time prosecute the 
search for the nature of the primary reaction between morbific elements 
and body cells. 

I first obtained an idea of the importance of these problems when in 
1908 I discovered the spasm of the muscles of the shoulder girdle as a 
symptom of tuberculous inflammation of the lung (8), (9). It required 
many months of search before a satisfactory explanation was forth- 
coming. While due to the same cause as the spasm of the abdominal 
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muscles in appendicitis, gall bladder diseases and ulcer of the stomach, 
I was nevertheless surprised to learn that few medical men had any 
conception at all of how these reflexes were produced. Later I realized 
it more fully, when in 1913 I suggested an etiological classification of the 
symptoms of pulmonary tuberculosis (10). By this classification, I 
placed the many symptoms which are commonly met in pulmonary 
tuberculosis in three groups. Instead of twenty-five or more entities, I 
saw that two factors were operating to cause nearly all of them, namely, 
the toxins and the local stimulation of the nerve endings in thelung. 
A third group, which consists of two symptoms, sputum and hemorrhage, 
and two groups of symptoms, tuberculous pleurisy and tuberculous 
bronchitis, result from the local process. Still later I showed how 
muscle spasm, pain and degeneration caused by intrapulmonary inflam- 
mation could be differentiated from the spasm, pain and degeneration 
caused by pleural inflammation by knowing the difference in nerve 
supply and the difference in mediating neurons (11), (12). This same 
principle can be extended to other diseases and to every important 
organ of the body, as I have endeavored to show (13). I can illustrate 
the value of understanding symptoms best by a study of pulmonary 
tuberculosis, because I have given it most thought. 


Disregarding the distinction which is often made between symptoms 
and signs, and between subjective and objective symptoms, and classi- 
fying all disturbances of physiological equilibrium, which present in 
tuberculosis, as symptoms, we have the following grouping which con- 
tains most of the common symptoms and some of those found less 
frequently. It is a modification and amplification of the groups which 
I have hitherto published: 


Group 1. Symptoms Due to Toxemia 
CAUSED BY HARMFUL STIMMULATION OF SYMPTOMS 
. Malaise 
. Lack of endurance 
. Loss of strength 
. Nerve instability 


I. Nervous system 


II. Endocrine system 


. Diminished digestive 
activity 

III. Sympathetic nervous system . Increased metabolic rate 

. Loss of weight 

IV. Sympatheticotropic endocrines, particularly . Increased pulse rate 
adrenals and thyroid . Night sweats 

. Fever 

. Leucocytosis 
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Group 2. Symptoms due to reflex causes 


Hoarseness 

Tickling in larynx 

Cough 

Digestive disturbances (hypermotility and hypersecretion) 
Loss of weight 

Circulatory disturbances 

Chest and shoulder pains 

Flushing of face 


Group 3. Symptoms due to the process per se 


Spitting of blood 

Sputum 

Frequent and protracted colds (tuberculous bronchitis) 
Pleurisy (tuberculosis of the pleura) 


With our present knowledge of the vegetative nervous system, we are 
able to offer a fairly complete analysis of these symptoms, an analysis 
which clarifies the disease picture and furnishes an intelligent grasp 
of what is happening to the patient’s physiological mechanism, or, 
according to MacKenzie, how his normal reflexes are being disturbed. 

I would suggest the following explanation of the common symptoms of 
tuberculosis: In group 1 we find those symptoms which result from 
toxemia. They may appear at any time in the course of the disease, 
yet when we realize that they cannot appear until sufficient toxins are 
being thrown into the blood stream to upset the normal nerve equilib- 
rium we are forced to conclude that the process is already well 
established. 

This group, apparently has two factors which enter into its causation: 
namely, harmful stimulation of the central nervous system and harmful 
stimulation of certain endocrine glands. 

Malaise, lack of endurance, loss of strength, and nerve instability may 
result from many things acting harmfully upon the central nervous 
system and certain glands of internal secretion, such as overwork, 
exhausting influences of many kinds, worry, and neurasthenia as well as 
toxins. 

Diminished digestive activity, increased metabolic rate, loss of weight, 
increased pulse rate, night sweats and fever, represent disturbances 
in the physiological processes which are caused by stimulation of the 
sympathetic component of the vegetative nervous system and those 
glands of internal secretion, particularly the adrenals and thyroid, 
which are known to belong to the sympathetic system. The common 
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blood changes of hyperleucocytosis in which an increase in the poly- 
morphonuclears is the striking picture is possibly due to forcing 
these out of the bone marrow, as a result of stimulation of the sympa- 
thetic nervous system. 

In group 2 we find all symptoms which are caused reflexly by sensory 
stimuli arising in the inflamed lung. This gives us two groups of re- 
flexes, one in which the stimulus travels centralward over the sympa- 
thetics, the other over the parasympathetics. The symptoms which are 
most evident belonging to this group may be arranged according to the 
table shown on the following page, which will show the afferent nerves 
through which the harmful impulse is carried to the central nervous 
system and the efferent nerves which complete the reflex producing the 
symptoms. 

Those reflex symptoms which are best known are produced by the 
stimulus travelling centralward over the vagus of the parasympathetic 
system, to mediate with other nerves in their production as follows: 
1. Hoarseness, through mediating with the superior and inferior laryngeal 
nerves. 2. Irritation in the larynx, a sensory disturbance through the 
superior laryngeal nerve. 3. Cough, a very complex reflex, consisting 
of (a) a sensory disturbance in the larynx through the superior laryngeal 
nerves, (b) a closure of the glottis through the superior and inferior 
laryngeal nerves, (c) a contraction of the expiratory muscles (internal 
intercostals and abdominal) through the dorsal spinal nerves, and (d) 
relaxation of the inspiratory muscles (diaphragm, externa] intercostals, in- 
tercartilaginous and muscles of the shoulder-girdle), through the cervical 
and dorsalspinal nerves. 4. Cardiac inhibition through cardiac branches 
of the vagus. ‘This is sometimes noticed in early cases, but more often in 
later cases when inflammation in the lung is very marked such as when 
abscess is forming. 5. Gastrointestinal symptoms, those of increased 
muscle tonus and increased secretory activity, produced through the 
gastrointestinal branches of the vagus. 6. Flushing of the face, due to 
dilatation of the vessel through the trigeminus. 7. Spasm of the sterno- 
cleidomastoideus and trapezius muscles, through the accessorius. These 
muscles also receive impulses which result in spasm through the sympa- 
thetics mediating with the cervical motor nerves as givenin12. 8. De- 
generation of the tongue and deviation toward the side of involvement 
through the hypoglossus. 9. Degeneration of the facial muscles, through 
the trigeminus and facialis. 
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Reflex symptoms of pulmonary tuberculosis shown in group 2 arranged so as to show the afferent 
and efferent nerves which produce the reflexes 


SYMPTOMS 


EFFERENT NERVES 


Afferent through 
(vagus) para- 
sympathetics 


Afferent through 
sympathetics 


Hoarseness 
Laryngeal irritation 
Cough 


Inhibition of heart 

Increased muscle tonus and 
glandular secretion in gastro- 
intestinal canal 

Flushing of face 

Spasm of sternocleidomastoid- 
eus and trapezius 

Degeneration and deviation of 
tongue from median line 

Degeneration of facia] muscles 


Flushing of ear 
Dilatation of pupil 


Spasm of muscles of shoulder- 
girdle and diaphragm. 

Lessened motion of chest wall 
partly due to muscle spasm as 
above 

Pain above second rib and spine 
of scapulae (superficial) 


Pain in muscles of shoulder-gir- 
dle (deep pain) 

Degeneration of skin and subcu- 
taneous tissue above second 
rib anteriorly and spine of sca- 
pula 

Degeneration of muscles of shoul- 
der-girdle 


Laryngeal nerves 
Superior laryngeal nerve 


Laryngeal and nerves to all expira- 
tory muscles with inhibition of 
nerve to inspiratory muscles 

Motor fibres of cardiac vagus 

Motor fibres of gastric and ip- 
testinal parasympathetics 


Sensory fibres of trigeminus 
Accessorius 


Hypoglossus 

Trigeminus and facialis 

Third sensory cervical 

Motor from Budge’s Centre(lower 
cervical and upper dorsal) 

Cervical motor nerves, 2nd to 8th 

Cervical motor nerves, 2nd to 8th 

Cervical sensory nerves, partic- 
ularly 3rd, 4th and 5th 

Cervical sensory nerves,2nd to 8th 

Cervical sensory nerves, 3rd, 4th 


and 5th 


Cervical sensory and motor, 2nd 
to 8th 


Symptoms which are not so generally recognized, but which are of the 
greatest importance in diagnosis, are those in which the afferent im- 
pulses travel centralward over the sympathetics, the efferent impulses 
expressing themselves through various nerves as follows: 10. Flushing of 
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the ear, through the third cervical nerve. 11. Dilatation of the pupil, 
through the upper sympathetic nerves, taking their origin from Budge’s 
centre in the lower cervical and upper dorsal portions of the cord. 12. 
Spasm of muscles of the shoulder girdle and diaphragm, through cervical 
motor nerves 2nd to 8th (see 7 above). 13. Lessened motion of the chest 
wall, partly due to muscle spasm as in 12 above, through cervical motor 
nerves, 2nd to 8th. 14. Pain (superficial) above second rib anteriorly 
and spine of scapula, through cervical sensory nerves, 3rd, 4th and 5th. 
15. Pain (deep) in muscles of shoulder-girdle, through cervical sensory 
nerves 2nd to 8th. 16. Degeneration of skin and subcutaneous tissue 
above second rib anteriorly and spine of scapula, through cervical sen- 
sory nerves, 3rd, 4th and 5th. 17. Degeneration of the muscles of the 
shoulder-girdle, through the cervical sensory and motor nerves, 2nd to 
8th. Aside from these, there are countless reflexes which still remain 
to be described. 

Such a classification permits us to assign different values to different 
groups of symptoms. Symptoms of group 1 may be present in toxemia, 
no matter what the source, and consequently, alone, cannot be relied 
upon as having diagnostic value. Those of group 2 express themselves in 
structures which are in reflex connection with the lung, through both the 
sympathetics and the vagus of the parasympathetic system. Many 
of these have important diagnostic weight, now that we know the 
nerve paths. Their diagnostic importance is increased, however, 
when symptoms of group 1 are also present, or when the latter have 
been previously present. They also have suggestive value when 
combined with those of group 3. Group 3 is particularly suggestive 
either alone or in combination with groups 1 and 2. 

It will be seen from this discussion that being able to classify the 
symptoms according to their etiology simplifies diagnosis very much, 
because we are able to assign the entire group of symptoms to only three 
factors. When we take into consideration the difference in irritability of 
the various neurons of the body, even though they belong to the same 
system and are subject to the same type of stimuli we can then under- 
stand the variability of symptoms, and explain why it is that one symp- 
tom is present at one time and not at another, and why one symptom 
presents in one case and not in another. It is exceedingly rare to find 
all symptoms of the toxic group or all of the reflex group present at the 
same time; but we find now one and now another, and ii is the combina- 
tion of various reflex symptoms and various toxic sympioms that furnishes 
the basis for deciding what organ is the seat of the inflammation. 
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Those symptoms which have the greatest localizing value are the 
motor and sensory (pain) disturbances which appear in the skin, sub- 
cutaneous tissue and skeletal muscles, as a result of mediation between 
the sensory and motor spinal nerves and the stimulus which comes from 
the lung over the sympathetic nerves. This is evident because spasm 
and pain as symptoms of visceral disease are expressed for the most part 
in definite groups of muscles or definite portions of muscles, and definite 
skin zones, according to .embryological segmental relationships. The 
reflexes rarely spread beyond their natural segments unless the stimulus 
is very strong. 

This shows that there are certain symptoms which are common to 
many diseases and certain others which point to the involvement of 
some definite organ. In pulmonary tuberculosis there are no symptoms 
in group 1 which are suggestive of an inflamed lung, but the flushed 
face in group 2 is suggestive. Slight flushing sometimes appears in 
intestinal troubles also; but its origin can usually be determined by 
other accompanying symptoms. If the flushing is due to the lung, 
laryngeal irritation with hoarseness and cough is usually present, and 
increased tonus in the muscles of the shoulder girdle will usually be 
found. The reflexes as expressed in the larynx and heart and gastro- 
intestinal canal are of themselves of no localizing value. The location 
of pain, whether superficial or deep, is suggestive, and when combined 
with symptoms of group 1 and 2, makes an inflammation of the lung 
almost certain. 

In many common diseases we do not know how to classify the symp- 
toms; in fact, in many of them we are not even able to recognize the 
symptoms, but if only we will bear in mind how they are produced, and 
that any change in function can be translated into terms of physiological 
action, we will then eventually be able to work out relationships in 
what, at present, seem to be wholly disconnected actions. 

As a basis for understanding diseases it will be necessary in the first 
place to work out the nerve connections of all important organs so 
that the various reflexes from them may be recognized; and in the second 
place to know the disturbances which take place in the internal secre- 
tions. It will then further be necessary to understand how changes in 
the normal chemical substances of the body as well as pathological 
chemical substances, of which toxins may be taken as an example, 
gaining access to the blood stream, act in the disturbances of equilib- 
rium. Then, secondary reactions which result from these primary 
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effects, such as the change in blood chemistry and disturbance in various 
systems of the body, such as respiratory and circulatory, must be assigned 
to the definite production of symptoms, and even diseased conditions 
must be assigned the important place that they deserve along with that 
of physical stimuli. Such a programme requires that the same zeal 
and energy, the same scientific spirit, that have been given to the prose- 
cution of investigation in the physical laboratories now be directed 
to the patient, in an attempt to understand his reactions; for there is a 
patient who has the disease as well as a disease which has the patient. 
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THE RELATION OF THE TUBERCULOSIS MOVEMENT To 
OTHER HEALTH ACTIVITIES 


DAVID R. LYMAN 
Wallingford, Connecticut 


When I was tendered the honor of participating in your programme, 
and of addressing you to-night on the subject of tuberculosis and the 
relationship which our efforts to control this one disease bear to all 
the various other activities represented in your conference, I hesitated 
long. Greatly as I appreciated your invitation, it seemed, and still 
seems, as though one could hardly hope to follow in one evening even 
the most important ramifications through which the tuberculosis cam- 
paign has reached out into practically every other line of effort directed 
toward the betterment of public health in this or any other community. 

A recent pamphlet issued by the International Red Cross upon the 
tuberculosis situation in Russia opened with the remark that given 2 
knowledge of the degree to which the battle against the White Plague 
had been developed in any country, you possessed at once a measure of 
the extent to which the general education in the essentials of public 
health in its broadest sense had developed in that same country. This 
sounds at first like rather a broad statement and yet if we pause to 
consider it seems well founded. As this pamphlet pointed out, England, 
the United States and Germany have led all nations in the development 
of their tuberculosis campaigns, and these countries have certainly been 
in the vanguard as regards organized efforts toward promoting the health 
of their people. France, on the other hand, with all her record of 
brilliant achievement in the laboratory and the clinic, had, up to the 
time of the recent war, no organized tuberculosis campaign and had no 
widespread spirit of codperation between central or local governmental 
forces and voluntary associations in the development of public health 
measures. Her work in health, as in charities, was individualistic and 
unorganized; and the groups or individuals who were prominent in this 
or that activity neither received nor looked for any special codperation 
from those interested in closely allied lines. Coming nearer home 
and looking at the great states which have the best and most active 
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health departments, we find them practically without exception those in 
which an active and well organized tuberculosis campaign exists and 
usually has existed for some time. So true is this, that I feel it would be 
safe, in those states with poor health programmes to predict the relative 
speed with which such programmes will be developed by a close study of 
the plan and present extent of the tuberculosis movement within their 
borders. 

Why is it that there exists between this one campaign and the health 
consciousness of the people a relationship so much closer than that 
developed by the movements directed toward the control of the other 
great enemies of our physical well-being? The answer is not far to 
seek, and shows to those who have followed the great tuberculosis crusade 
of the last two decades how far we have come along the road and how 
different is our viewpoint from that which we held at the beginning. 

Let us consider for a moment some of the other scourges against 
which our efforts are directed. In malaria and yellow fever we deal 
with maladies with a definite mode of transmission, readily preventable 
by the simplest of measures and dangerous to other people only when 
these are neglected. Smallpox, once the worst of our enemies, we have 
also the power to prevent by simple measures, though of late there is 
an alarming tendency in our land to ignore the lessons of the past in 
regard to it. Mental diseases, great as is their drain upon our public 
purse, are a direct menace only to the individual and the individual’s 
posterity, and hold, I regret to say, but little of the interest of the 
general public who do not feel themselves endangered by the individual 
cases. Venereal diseases, to the importance of whose control our public 
consciousness is but gradually awakening, owe their spread to specific 
and well understood sources; and look for their control to education as 
to these alone, and to the development of a higher moral consciousness, 
which will abolish the old double standard, perhaps our worst inheri- 
tance from the earlier days of our race. Only in the group of activities 
generally classified under the term, ‘‘Child Welfare,’ do we find a 
parallel to the tuberculosis movement with its complicated etiology, its 
close relationship to the mental, moral, physical and industrial phases 
of our existence, and the widespread public interest which it claims 
through the personal appreciation of its tragedies and its possibilities 
which have been brought home one time or another to almost every 
family in our land. 
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Less than twenty years ago, with our imaginations fired by the knowl- 
edge that not only did we know the specific cause of the disease, but that 
certain great pioneers, especially our own beloved Trudeau, had proved 
that tuberculosis could be cured, with what enthusiasm and with what 
confidence we launched our battle! We knew, or thought we knew, 
ourenemy. We knew, or thought we knew, the plan of battle to insure 
victory. All that was needed were sanatoria and hospitals and a few 
years of time. One has only to recall the statement of a well known 
medical authority that if anyone would give him three million dollars 
to spend, he could wipe out tuberculosis in one generation, and then 
look at the last budget of the little state of Connecticut with its ap- 
propriation of $1,500,000 for two years’ tuberculosis work; or to recall 
the slogan of the State Charities Aid of New York, ‘‘No untreated 
case of tuberculosis in New York State by 1920;” and then note that the 
diagnostic clinics of Onandaga County alone brought to light one hundred 
such cases in that year. But does this betoken failure or discourage- 
ment? Far from it. Our enthusiasm for the fight and our confidence 
in the outcome are even greater than at the outset. We have learned to 
know our enemy better and have recast our plan of battle. We know 
now that it will be a longer, harder fight than we had anticipated, but 
we know too that we are on the winning side, and that in winning we are 
not only going to control tuberculosis but also play a large part in 
raising the general health standard of our race and in aiding it to gain the 
control of many other menaces which now beset it. 

This knowledge gained from experience has come to us but slowly. 
When the word went out that consumption was curable and the realiza- 
tion of this truth gradually took root, our health resorts and sanatoria 
were swamped by the numbers that came demanding life. The recogni- 
tion in the histories of these of the importance of contact infections 
prompted the expansion of the movement for local hospitals for ad- 
vanced cases, and then the impossibility of hospitalizing all our cases 
caused us to develop the special dispensaries or tuberculosis clinics. 
These in turn demonstrated the need of carrying the fight into the homes 
of the patients, and our greatest single aid, the visiting nurse, came into 
action. The sanatorium and the clinic, the scientist in his laboratory, 
the physician in his private practice and the visiting nurse on her rounds, 
all added their quota to our knowledge of the subject. And not the 
least valuable of these contributions has been that which has come from 
the more intelligent of the patients themselves, who have studied with 
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the rest of us the underlying causes of the relapses so tragically fre- 
quent among the cases discharged as “cured” from our sanatoria and 
clinics. Gradually we have come to realize that the control of tuber- 
culosis in the individual, and therefore in the community, is intimately 
dependent on everything which closely affects his mental and moral, as 
well as his physical, welfare; and that it is necessary to teach him, 
whether we seek to cure him of existing disease or guard him against 
contracting it, to consider his health as one of the first interests of his 
daily life—a thing which few of us do until that health is threatened or 
lost. We have found that the incidence of tuberculosis is dependent on 
no one factor, but that to control it we must work to influence not only 
the housing, the living and the industrial conditions of our people, but 
what one might call their “loafing” conditions also. And in doing this 
we have extended our lines of battle and enlisted first one and then 
another ally, until there is hardly an interest represented in this great 
conference of yours with which we are not (or else should be) working 
toward a common goal. 

Take the matter of industrial conditions. Can anyone question the 
influence of the tuberculosis campaign on the development of the modern 
factory, with its cleanliness and its abundance of light and air, from its 
predecessor of thirty years ago, with its tiny closed and grimy windows 
and its dirty, spit-covered floor? We were looked upon with askance 
by manufacturers of that day, as sentimentalists and nuisances. To- 
day there is hardly a worth-while concern in the land but recognizes 
how dependent is its success upon the health of its employees, even as 
the employees in their turn have learned how closely their own welfare 
depends upon the health and habits of their fellow workmen. Indus- 
trial medicine has come to be a well recognized specialty, and the routine 
examination of employees for tuberculosis and other chronic but un- 
suspected ailments is becoming more and more common. 

Consider housing conditions; and you will find throughout the land 
tuberculosis associations, and individuals interested in that work, back 
of all movements for providing better houses for our people. The New 
York Association’s demonstration of the atrocious ‘“‘Lung Block,” as 
they named it, was the impetus for the remodelling of the tenement laws 
of that city, and such instances might be numbered without end through- 
out the country. One needs but to look at modern dwellings with their 
open windows and their sleeping porches, especially for children, to be 
reminded that it was the tuberculosis movement which taught the coun- 
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try that night air was not, as generally was supposed, poisonous; and 
yet I remember that my first patient, who returned to a neighboring 
town to sleep out on the porch, furnished the Sunday papers with 
material for several columns, with photographs of the patient and of the 
porch to prove their veracity. It was the work for the tuberculous child 
that was responsible for the open air school now so generally used for 
sickly and backward children; and I own to the ambition to live long 
enough to see those in charge of our educational institutions awake to 
the fact that what increases the health and efficiency of the sickly child 
will also produce like results in the well ones. In the betterment of 
living conditions—for one may offset the value of the best of houses by 
one’s mode of living—we have aided and abetted, or where necessary 
criticized and prodded, local charitable and health authorities and added 
our quota to the work of volunteer relief organizations and all those 
interested in the social betterment of our people. 

In the broad field of general public health, the tuberculosis movement 
is playing an ever wider part, working toward a closer codperation every- 
where with state and local officials, and often, especially in small com- 
munities, furnishing through their tuberculosis nurse the opening wedge 
for the beginning of public health activities in that town. In the great 
field of child welfare our work has been directed chiefly toward pre- 
ventoria and nutrition clinics for exposed children, and sanatoria, open 
air schools and day camps for the’sick; but perhaps our greatest con- 
tribution has been the Modern Health Crusade, established by the 
National Tuberculosis Association in every state of the Union and in 
the last year made a regular feature of the school curriculum by several 
states. Through this Crusade we have had between three and four 
million children earnestly engaged in the competitive performance of 
simple health ‘‘chores,”’ such as brushing the teeth, washing before 
meals, bathing regularly and sleeping with open windows. Think 
of what this means in the way of clean living and clean thinking for the 
coming generation and I think you will share in my enthusiasm for the 
future of our work. 

I have, as I intimated at the start, but briefly glimpsed down along 
the main avenues through which our tuberculosis campaign has stretched 
out its lines of battle; but I hope these have been enough to illustrate 
the main point I would present to you to-night, or rather emphasize; 
for this great conference is in itself proof that we are most of us thinking 
along similar lines. The great health and social movements, each start- 
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ing with its own fixed aim and limited programme, have all come like 
the tuberculosis crusade to the point where we realize that the complexi- 
ties of our human existence make it impossible for any of us to do our best 
work, to make our utmost contribution to human welfare, while work- 
ing independently. The time limit has forced me to sketch only the 
contribution of the tuberculosis campaign to other fields, but I have 
chosen those where we in turn have received services equally as valuable 
as those we rendered. | 

There is, however, much yet to be done. To you who are interested 
in housing, industrial conditions, social or mental hygiene, infant mor- 
tality or what not, I would say for the tuberculosis movement in general, 
that we need a closer codperation with you than ever before. We know 
that we.can be of some aid to you. We know that we can never do our 
best work without the aid that you can bring to us at the points where 
our lines touch, but I doubt if either of us yet realizes the possibilities 
of our united strength. May I illustrate with an example familiar to 
most of us? The sanatorium has been the foundation-stone of our 
tuberculosis programme. Its demonstration of the curability of tuber- 
culosis has been the rock to which we have tied from the beginning, to 
arouse both individual and official interest, and its graduates are so many 
centres of at least partially educated health interest in the communities 
to which they have returned. It is generally grantéd that no health 
programme can be considered complete for any community if it does 
not provide sanatorium care for a certain proportion of its tuberculous 
population, and sanatoria have been established throughout our land. 
They have succeeded, but only partly so. By this I do not mean that 
they have failed to do that for which we have established them. Far 
from it. I mean that we, on our part, have failed to see what they could 
be made to do, that we have lacked the vision to see what an opportunity 
they offered to all of us working for the betterment of our community. 
The result is that the best of them have yielded only such return to the 
community as the unaided efforts of their staffs could produce, while 
the poorer ones have degenerated into mere boarding houses, from which 
a few arrested cases return to your towns but little wiser than when they 
left them. And especially is this true of many of the municipal in- 
stitutions. The reason for this lies in the public attitude. The average 
citizen, beyond a very occasional thought when he passes by for the 
“poor devils” under treatment there, limits his expression of interest to 
asking if its share of the budget cannot be reduced. The average charity 
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or health organization sees in it a golden opportunity for what we call in 
modern slang “passing the buck”’ and, once it has succeeded in entering 
a patient, contents itself with hoping that he won’t come back on their 
hands again. 

As a matter of fact there is no institution which has such neglected 
possibilities for serving its community or which is so sadly in need of 
the codperation of all the social and health agencies of that community, 

We talk and talk again of our educational campaigns in all our various 
lines, and yet what are we, throughout the United States, making 
of the educational opportunities offered by the many institutions of the 
type of your Municipal Tuberculosis Sanatorium? Little or nothing 
beyond what the personal efforts of its staff can bring about. Consider 
the situation a moment. The active early or moderate case needs about 
six months’ sanatorium residence to restore a fair working capacity if 
—and note the if—we can during that time teach him how to live in his 
leisure hours, and insure him after he returns home the codperation which 
will make this possible. You have here men and women, old and young, 
coming from the very class and the very homes that the vaunted educa- 
tional campaigns of our various activities are hoping to reach. Whether 
you are interested in housing, or in child welfare, in home hygiene, in 
modern housekeeping or the control of alcoholism or venereal disease, 
or what not, here are the classes lying ready to your hand through long 
months, with little to occupy their minds but symptoms and gossip. If 
you really want to get your education home to the people who need it, 
here is your golden opportunity. With atrocious cooking and housekeep- 
ing promoting more civic ills than almost any one cause, why not in- 
terest these women and girls and teach them how to cook before they go 
back home? With the need of making a limited family budget care for 
the needs of the family and supply the additional requirements of her own 
health after her return, why not teach the teachable woman how to 
buy so as to get needed food value? Why not teach the principles of 
first aid and of nursing in the home? Why not take advantage of the 
universal love of the movies. and use educational films with brief talks, 
to show the sanitation of a city, the proper handling of food—especially 
milk—the dangers of filth and flies and the difference between a clean 
home and a clean yard and dirty ones? One could multiply the “whys” 
indefinitely. And all this is no idle dream. To accomplish it needs but 
two things. 
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We must first secure for these institutions the proper type and number 
of nurses. To those interested in demonstrating the supreme value of 
real nursing to a community, I would urge that they consult with the 
management of their local sanatoria as to how the makeshifts, mas- 
querading under the name and on whom these institutions must usually 
depend for routine work, can be replaced by nurses with the brains and 
the social vision to prepare this stony but otherwise fertile field for the 
workers from all the allied activities that should be cultivating it. Then 
if you in these allied fields will but recognize the opportunity that lies 
at your door, your tuberculosis institutions will not only send back 
their arrested cases fitted to retain their economic value to your city, 
but these will be returning to the homes you want most to reach, as dis- 
ciples who will spread there the special gospel which you have taught 
them. 

The transforming of a local sanatorium into a real centre of education 
in community welfare is but one striking example of the possibilities of 
and the need for a close codperation among our many health and welfare 
agencies. We have great need to take counsel together, to pool our 
resources to see which group can best take charge of a given problem and 
how all the rest of us can best help, to lose sight of where the credit goes, 
and to work together for the greatest public benefit with the least dupli- 
cation of effort and the least waste of resources. 

This great conference is evidence that the general trend of all our 
thoughts is to this end. Speaking as I do in behalf of the tuberculosis 
workers, I have tried to say that we have found that the intrenchments 
of our enemy are so widespread that we must ally ourselves with all 
other forces working for public health and welfare in its broadest sense. 
All the efforts of our National Association, with its great affiliated state 
associations, are being directed toward this goal and we are confident 
that in the next decade, 
If we can dream and not make dreams our master, 

If we can think and not make thoughts our aim, 


If we can meet with triumph or disaster 
And treat those two impostors just the same, 


the victory will be ours together. 
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THE ELEMENTS OF AN ADEQUATE TUBERCULOSIS 
PROGRAM! 


ALLEN K. KRAUSE 


From the Kenneth Dows Tuberculosis Research Fund, of the Medical Clinic of the Johns Hopkins 
University and Hospital 


We may consider adequate that tuberculosis program which will 
-continuously and progressively cut into the death rate of tuberculosis, 
It does not matter a great deal whether we accomplish this result by 
frontal attack or by indirection. So long as we are planning, are de- 
signedly out to “get” tuberculosis, and it keeps on showing more and 
more palpable evidences of losing its grip, we are doing something worth 
while. Then is the time of all times when we should refuse to swap 
horses. Then it is that we should rather keep a sharper eye on the old 
nag, and take better care of it: comb off the dust and burrs, cut out the 
calluses, trim the tail and mane, and, above all, feed it and feedit. Then 
perhaps its tired head will lift itself a little higher and higher, and the 
rein pull more lightly in our hands. 

After many years of rumbling and clanging, punctuated by the piping 
that keeps stiff the upper lip, sweet music is beginning to delight our 
ears. As tuberculosis has become a reportable disease to more and more 
health boards, as physicians have grown in accuracy and conscience in 
recording and returning causes of death—during a period, in other words, 
when perfection of machinery would transfer tuberculosis from the 
categories of debility and inanition and bronchitis and what not as the 
mark of mortality and should therefore raise our tuberculosis figures— 
these figures have been falling. Indeed, they have latterly been tumb- 
ling. Such glad news is too good to keep or to be modest about. And 
since the United States Public Health Service, our life insurance com- 
panies and the boards of health of all our states and larger cities have, 
in thoroughly unsentimental way, assured us that it is true, there has 
appeared no lack of claimants, to tell us how they did it or, sometimes, 
how the other fellow had nothing to do with it. 


1An address delivered at the Annual Meeting and Conference of the Pennsylvania 
Tuberculosis Society, Harrisburg, Pennsylvania, January 24, 1922. 
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It was quite natural for the public to expect a noisy blast from us. 
For had we not announced for years that we were out to slay tuber- 
culosis? The public has not been disappointed. Our platforms are ring- 
ing with stories of wonderful work performed and promises of more to 
come: and last month we seized upon the mortality charts of the last few 
years and used them for what the business man would call our best 
“selling argument” in the Seal Sale. 

Reference to my past addresses will, I think, acquit me of any imputa- 
tion that it is my habit to indulge a blind and undiscriminating enthu- 
siasm. ‘This observation may or may not give point to an avowal of my 
own belief that the program launched by that little band of tuberculosis 
pilgrims in Baltimore in 1904, under the auspices of what they chose 
then to call the National Association for the Study and Prevention of 
Tuberculosis, a program based at the time on the best available scientific 
knowledge and throughout the intervening years expanded, refined and 
always readjusted to reflect the changing face of medical and social 
science,—that this program has had much to do in beating back tuber- 
culosis,—and much more besides. The everyday man of 1922 goes to 
his work, refreshed by the night air that breezes through his bedroom, be- 
cause the tuberculosis program made sleeping with open windows normal 
and fashionable. His babies are using milk which the tuberculosis pro- 
gram has made cleaner and cleaner. His children are eating with hands 
less dirty than his own when a boy and are brushing their teeth oftener, 
because the tuberculosis program has instructed and supervised them in 
school. The effects of the tuberculosis program on tuberculosis at last 
bid fair to become calculable. Its effects on public health in general 
are, in my opinion, no less, however indefinable they may appear to the 
maker of statistical estimates. 

Until we learn something new and entirely unexpected, it does not seem 
to me that, so far as iis plan and technique go, there is much criticism or 
fault to be found against the present program. The elements on which 
it is grounded are treatment of the sick, detection of active cases, pre- 
vention of manifest disease by promoting all health-conserving condi- 
tions, prevention of infection by discovering sources and breaking con- 
tact with these, economic provision for needy dependents of the disabled, 
and economic and social readjustment of patients who have regained a 
measure of working capacity. All these elements should be so well- 
known to you as parts of the plan as not to require enumeration. The 
National Tuberculosis Association and its constituent and subsidiary 
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organizations are at work on every one of them, every minute of the 
day; adding here, discarding there, yet always testing and striving to 
strengthen and perfect. And it is not working in aloofness: it is ever 
planning and acting with full and willing codéperation with every other 
reputable and effective organization which is concerned with better 
public health. Iam not here as an emissary of the National Association, 
I mention it as I do because I am convinced that antituberculosis work 
in this country cannot be discussed with intelligence unless the part of 
the National Association in it is given its proper place. 

Now, these elements seem simple enough to grasp, and their recital 
rolls off the tongue glibly. But think of what effort they involve: the 
construction and equipment of hundreds, perhaps thousands of places 
for the afflicted; the making over of countless homes for the same pur- 
pose; the special education and training of thousands of physicians and 
nurses to attend these unfortunates; the continued instruction of the 
entire practising medical profession in the detection of early phthisis and 
the proper appraisal of active tuberculosis; the arousing of every man 
and woman to the real condition of affairs; the enormously difficult—and 
often discouraging—task of breaking through their prejudices and having 
them put aside age-long habits and customs; the introduction of the 
masses to new standards of living and—what is just as important—the 
adaptation of these to economic and social conditions; the establishment 
of sympathetic relations—those of minister to body, soul and perhaps 
purse in hovel, cottage and mansion; the devoted study and investi- 
gation of tuberculosis—in the even quiet of the laboratory, the grim 
reality of the bedside and the hurly-burly of the affairs of man; sana- 
toria, preventoria, dispensaries, clinics, schools, physicians, nurses, field- 
workers, students, laboratories, streets clean, homes spacious and light, 
milk without seeds of disease, cattle healthy, an informed and reformed 
public intelligence and conscience: all these are but a few of the countless 
details that enter into the elements of a successful tuberculosis program: 
all and many more must be devised and tried and applied and fitted each 
in its proper place. The imagination leaps to the program: it must at 
the same time be appalled by the magnitude of the demands of the pro- 
gram. Yet courageous souls have struggled along, unafraid, with heart 
and eye set only on the goal. Once in the illimitable distance this goal 
has begun to take on something of finiteness: the brave spirits may have 
put us on the way to touch it. 
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Don’t you see what moiif runs all through the program that is solving 
tuberculosis—from beginning to end, no matter how numerous, how 
complicated, or how far removed the variations may seem? Don’t you 
know what is getting the grip on tuberculosis—now and always? 
It is EDUCATION—KNOWLEDGE. ‘The bacteriologist, the pathologist, the 
chemist, learns something at his workbench; the practising physician 
observes the ways of tuberculosis at the bedside; and they, the fountain 
head and the foundation rock of every tuberculosis program, think out 
and prove what their scraps of information mean and pass the tidings 
on. They tell their students and lo, each discoverer speaks with a 
hundred voices. They put their work in print and bring light to 
thousands. 

This army of disciples and readers takes the torch and turns its rays 
into the obscure crannies of the world outside. They come to learn how 
far it throws its beams and in the labor find that it may be capable of 
many uses, for each of which it must be handled in a particular way. 
They then teach in their turn and, for effectiveness, plan and band to- 
gether; and they send their trained battalions out into the world to come 
in contact with every man and tell by word of mouth and with the magic 
contact of hand with hand what they have imparted to groups. 

In the closing years of the eleventh century an obscure monk, a hermit 
monk, conceived a great idea. It came from his heart. The dark deeds 
of the Turk put into his soul a passion that sent this son of Amiens up 
and down the sparse and wretched highways of Europe to tell an illiterate 
and shut-in populace the wrongs done by the black infidels of the East. 
An unquenchable and contagious fire went out from Peter to them. 
Peter went to Rome and taught Urban; and then returned to France to 
marshal his disciples and send them up and down the land, that not a 
soul in Europe might live in ignorance of the Turk. Urban sat before 
his bishops and noble laymen at Clermont, and with them laid down the 
plan to recover the Holy Cross. And Jerusalem did come into the hands 
of the Christians. 

You may say that preaching and the sword recovered the Cross. 
Nevertheless, it was education—the most spectacular proof of the might 
of education the world has seen,—the most potent sign since the Man of 
Nazareth walked the shores of Galilee. 

In respect to education man has not changed. He enters this world, 
this stage of stimuli innumerable, with the same uncharted tracts of 
plastic brain, ready for the stylus to grave its record, like his ancestors 
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of one and two thousand years ago. He, too, will learn and take to 
heart, and act upon the impulse of mind and soul, whatever we—those 
of us to whom he looks for light—elect to teach him. Indeed, he will act 
only according to what he knows and feels. He will learn only as he 
respects our efforts. And, although a desired effect may be immediately 
forthcoming, I submit that, unless their nonoperation sets in motion 
circumstances which inflict injury upon innocent persons, it is thoroughly 
unscientific, immoral and in the long run politically dangerous to force 
upon any individual rules of conduct which are beyond his under- 
standing. 

Underneath, therefore, and running all through our entire tubercu- 
losis program is this matter of education. Every leader in tuberculosis 
work has always recognized the fact: every worker must grasp its full 
significance: any adequate program is predicated absolutely, almost 
wholly, in fact, upon adequate education about tuberculosis,—upon 
the full light of truth for all. We ride the same old steed: we must put 
and keep him in prime condition. What does this “conditioning” of the 
faithful old animal mean? 

After we have laid down the stethoscope,—as we look the man in the 
eye and say, “You have tuberculosis—consumption;” and the anxious 
patient appeals, “Doctor, what must I do to get well?””—then, if we are 
honest and if a look at the patient tells us that he can stand the wallop- 
ing truth at once, it is well to say, ‘“‘ You have a long and hard road back 
to health and your disease is tricky. To fight tuberculosis successfully 
takes money and character, and the more important of the two is charac- 
ter. Money is perfectly necessary: you will need a good deal of it; but 
if you have only money, you are still in great danger. Money used by 
you with character will make your cure immeasurably more likely.” 

The case with stamping out tuberculosis in the mass is not a whit dif- 
ferent. Just as surely as a person needs money and character to heal 
himself, just so inexorably will tuberculosis at large yield only to nioney 
and spirit—collective character. 

The tuberculosis field is no arena for the exercise of talents of bellig- 
erency, jealousy of prerogative, intrigue for position and place, and 
indolence. Petty quarrels, Achillean aloofness, selfish scramble for 
recognition, perfunctory and rule-of-thumb performance of work in 
laboratories, sanatoria and dispensaries are just so many barnacles on 
our boat. They invite no passengers to embark; they impel many to 
cancel passage; they give the craft a dangerous list. Above all—and 
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take this to heart—they help to save no lives and do seriously hinder the 
extension of vital help tomany. In none of its phases has the erection of 
the tuberculosis machinery contemplated the creation of places for those — 
who simply want jobs or a place of refuge. Nota soul should be in the 
work who is not interested wholeheartedly in saving life and assuaging one 
of life’s harshest scourges. A game such as we are fighting will be won 
only by enthusiasm, devotion to cause, tireless industry, willingness and 
ability to learn and to work together, sacrifice, patience and open-eyed 
acquiescence in the price involved. 

No moneyed man in his senses and no appropriations committee will 
contribute to a work which is open to the suspicion of disharmony or 
self-interest among its exponents. But a good and necessary cause, well 
presented by devotees who ooze and radiate earnestness, high purpose and 
a concrete knowledge of what is needed, never fails to loose the purse 
strings. 

Spurred to redoubled energy by the falling death rate we must train 
our leaders, and more and more of them, and send them to the haunts of 
wealth. We must have them educate, with much more fulness and 
intensity than heretofore, the men who can give and those who direct 
legislative disbursements. All this presupposes or stipulates no dark or 
sinister approach. It means that we have become alive to the fact that 
money, in amounts undreamed of ten years ago, will, if intelligently 
applied, cut down tuberculosis toward the vanishing point. It means 
that we must pick out our best workers to prove this fact in a telling way 
to the public. It means that a populace thus informed, will demand its 
public funds from its lawmakers, and will get them—when it begins to 
understand the advantages of no tuberculosis as well as it now compre- 
hends the importance of education for all. It means, at bottom, just 
what we have been doing for years: the plan is the same; its execution 
must be enlarged and perfected. 

It all sounds so easy, in the telling of it, that it is a pity to insist upon 
the enormous size of the job ahead of us. But it must be done; and it 
will seem impossible only to those who cannot think in terms of the past 
or whose memories retain nothing but rebuffs and failures. Last night 
a few feet of wire, a coil and a needle touching a crystal made a circuit 
which picked voices and music out of the dead silence of the crisp night 
air and conveyed them to my ears. Ten years ago, in my ignorance of 
things electrical, this occurrence of last night would have been as impos- 
sible to me of conception as is a grasp of infinite space and time, which, 
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again I am told, exist. I am neither a financier nor a budget maker, 
and my acquaintance with their ways is slight; but a comparison of the 
_ personnel and expenditures of boards of health of 1920 with those of 
pre-Kochian days or even of ten years ago makes me certain that the 
leaven of education is working fast, and will result in future appropriations 
for health work which will surprise the flabby pessimists of to-day. 

My friend, Donald Armstrong, is one of the men who keeps my feet 
on the ground by putting me in touch with figures, and who sees to it 
that I don’t forget the kindling influence of cold dollars and cents in this 
world. As you all know, Doctor Armstrong’s talents were put to striking 
and effective use in the Framingham Demonstration; and it has sort of 
become his job to tell us how much health we'll get for ten cents per 
community head, or for twenty or thirty cents, and so on; or, rather, 
how much disease we're likely to worry along with, if we aren’t willing 
to buy fitness for such and such a price. 

Doctor Armstrong has worked it out—and capable authorities agree 
with him—that most communities in the United States appropriate out 
of public funds not more than ten or twenty cents per person for tubercu- 
losis work and a maximum of fifty or sixty cents for all kinds of health 
work. His investigations have taught him that no average American 
community can expect adequate public health service of all kinds for less 
than from two to three dollars per person, an amount which would mean 
fifty or sixty cents a head foradequate tuberculosis work now, if the present 
ratio is proper and is to be maintained. For Pennsylvania, it would 
mean a total of from about fifteen to twenty-five million dollars for all 
public health work, of which roughly four to six million dollars should be 
used against tuberculosis in the field. Will Pennsylvania spend this 
money? Can she afford to? Well, at any and every time she has prob- 
ably eighty thousand persons disabled, wholly or partially, by tubercu- 
losis. Let us go easy with figures and put their loss or diminution of 
earning—and, therefore, buying—capacity at five dollars a week -per 
person. Then do a little simple multiplication: four hundred thousand 
dollars a week, one and a half million dollars a month, over twenty 
million dollars a year lost to Pennsylvania in the form of wages only! I 
am a Pennsylvanian by birth and grew up in the state, only twenty- 
five miles from here. In my boyhood I gazed with awe on orators who 
sobbed and broke down completely as they told the angry and perspiring 
multitude how the wicked minions of Grover Cleveland and his kind 
were about to bring the grand old Keystone State to ruin and the work- 
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ingman to rags as his wages slipped from under the benevolent workings 
of the G. O. P. tariff. Well,—all sentiment aside,—right here, in the 
tubercle bacillus we have a busy little pocket-picker that makes Free 
Trade or Tariff for Revenue Only seem puny. Why can’t we make 
strong men, who blubber and cower and quail before the iniquities of the 
low tariff bogey, just half as emotionally responsive to the real 
terrors of tuberculosis? 

Those who have had it will see the point. And I would emphasize 
strongly that just as the active front-line workers in tuberculosis are 
almost without exception men and women who have had the disease - 
themselves or have had it brought home to them in their families or 
friends, so the entire tuberculosis movement should be to a great extent 
built around old patients or relatives of patients. In any community, 
they are the first persons to be enlisted in active work and organized; 
and personal efforts should be made to find them all and give them their 
tasks. They are our best exhibits: in the average community their 
story is known to all: and they do come to us with the most living and 
intelligent interest in our purposes and plans. 

The real burden of my theme has been money. Money to educate. 
Money to educate everyone from the lowliest of mortals to the scientist 
in his tower. Money to train and to organize. Money to put to work 
more thoroughly and effectively measures that we know will work. 
Money to put execution equal with plan and design. Our program is as 
sound as what we know can make it. Money will speed it and send it 
along; but it is the spirit—your spirit and mine—which must give it 
strength and say to the people, ‘Here is a thing which is worthy of our 
money.” 
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Obituary 


JAmes GERRET VAN ZWALUWENBURG, Professor of Roentgenology at 
the University of Michigan, died January 5, 1922, after a brief illness 
from pneumonia. During the past year he had contributed several 
important papers to the REVIEW, the last of which appears in this issue. 
Of Dutch-American parentage, he was born in 1874 in Ottawa County, 
Michigan. After graduation from Hope College, Holland, Michigan, 
and teaching chemistry there for a year, he entered the University of 
Michigan, from which he received the B.S. degree in 1898. He taught 
chemical engineering and physics in the University for five years, 
after which he took up the study of medicine and received his medical 
degree in 1907. He became an assistant and instructor in internal 
medicine at the University of Michigan, and soon took up roentgeno- 
logical work. In 1913 he became Associate Professor and in 1917 
Professor of Roentgenology of the University. He was a member of the 
American Roentgen Ray Society and the Radiological Society of North 


America. 
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HEALING BY RESOLUTION IN EXPERIMENTAL 
PULMONARY TUBERCULOSIS 


LEROY U. GARDNER! 
From the Saranac Laboratory for the Study of Tuberculosis, Saranac Lake, New York 


To the general pathologist healing of the lesions induced by the 
tubercle bacillus usually signifies fibrosis or calcification. A relatively 
small group of tuberculosis experimentalists have for twenty years or 
more been familiar with a low virulent strain of tubercle bacillus capable 
of inducing a different type of healing; namely, a complete disappearance 
of visceral lesions from the body of the experimental animal. The organ- 
ism which these observers have used is known in the Saranac Laboratory 
as Ri. Isolated by Doctor Trudeau from a human case of meningitis 
in 1891, this organism has maintained a constant low degree of virulence. 
The cultural and biological characteristics of this strain have been 
accurately ascertained by many careful observers, and their observa- 
tions have been recorded elsewhere (1). All of these workers have 
noted that the visceral lesions resulting from its inoculation tended to 
heal spontaneously, but to the author’s knowledge none of them has 
worked out by histological study the mechanism of the healing process. 
Owing to the increasing prevalence of the use of the Ri strain in experi- 
mental tuberculosis, it has seemed of value to definitely establish the 
sequence of events. 

The illustrations accompanying this article demonstrate the fact that 
the R1 strain of tubercle bacillus is capable of producing lesions which 
progress to caseation, and that this caseation, together with the accom- 
panying proliferation of fixed tissue cells,isthenabsorbed. The healing 
process is one of resolution, of which no trace remains at the site of the 
former lesion. The inhalation method, as described in a previous paper 
(2), was employed to infect a small series of fifteen guinea pigs. These 
animals were given five puffs with a DeVilbiss atomizer of a suspension 
of the R; bacillus, grown for eighteen days on glycerine broth. Three 
weeks later all the animals were subjected to an intracutaneous tuber- 
culin test, with a large dose (0.01 mgm.) of old tuberculin; only one of 
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the series failed. to react and sections showed that this animal had 
escaped infection. The pigs were killed at intervals of from three weeks 
toseven months. Animals from several other series prepared in a similar 
manner, but killed at longer or shorter periods, were used to supplement 
those of this series. All had reacted to tuberculin. The photomicro- 
graphs represent a total of twenty animals killed at intervals of from two 
weeks to one year and five months. 

The intratracheal method of fixation was used, Zenker’s fluid being 
introduced into the trachea before opening the thorax. Sections were 
taken at right angles to the stem bronchus through the midportion of 
each lobe of the lung, a minimum of five sections from each animal. 
In some of the later stages showing no macroscopic lesions, the pleural 
surface was searched with a hand lens; where no suspicious areas could 
be detected as many as fifteen blocks were selected. Sections were 
stained with eosin and methylene blue, with Mallory’s aniline blue con- 
nective tissue stain, with Verhoeff’s elastic tissue stain and with the 
Ziehl-Neelsen stain for tubercle bacilli. 

In arranging the series of photomicrographs, no attention has been 
paid to the element of time, but rather an attempt has been made to 
show the sequence of the histological development of the lesions. Be- 
cause of the impossibility of. determining the number of bacilli which 
will reach any one point in the lung at a given time, some tubercles will 
develop more rapidly than others, due to greater dosage. Despite this 
inevitable lack of control of the important factor of dosage, the inhalation 
method of infection is useful because the infecting organism is in- 
troduced without trauma to the host, and moreover. as the infection is 
introduced into the terminal air passages, it becomes possible to study 
primary tubercles in this location, that is, the reaction to the tubercle 
bacillus on unsensitized soil. 

Well developed tubercles appear in about two weeks in a group of 
alveoli situated immediately beneath the pleura. Such lesions, usually 
from fifteen to sixty; depending upon dosage, are uniformly scattered 
over the pleural portions of the entire lung. Occasionally, in certain 
animals, a few similar tubercles may be found in the midzonal regions, 
halfway from pleura to hilum. Tubercle bacilli and lesions produced 
by them have not been found in sections of the tracheobronchial lymph 
nodes until these subpleural tubercles have become well established. 
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These nodes usually show definite tubercles at the third week and there- 
after. 

Moreover, it has not been possible in a series of sections taken through 
the nose, pharynx and neck of several animals to detect any trace of 
the infection in the upper air passages. We must therefore assume that 
bacilli in sufficient numbers are carried to the subpleural regions of the 
lung, and that there the primary infection develops. From these foci 
bacilli are carried back by lymphatic vessels to lymph nodes at the hilum; 
in some animals tubercles occur in those midzonal lymphoid collections at 
points of bifurcation of bronchi and vessels, but this is only a common 
occurrence late in the course of the disease. It may probably be ex- 
plained on the ground of dosage for, unless a sufficient number of peripheral 
parenchymatous tubercles are draining into such a peripheral lymphoid 
collection, there are not enough bacilli to cause a lesion at that point, 
but they are carried further back to the hilum. There they are con- 
centrated by drainage from the whole lung and lesions are formed early. 
Why no infection of the pharyngeal and cervical lymphoid tissues occurs 
before the establishment of the peripheral pulmonary lesions, and whether 
the tubercle bacilli are carried to the subpleural foci by the air passages, 
or by other paths, are still unsolved problems. 

Figure 1 illustrates an early (about two weeks) subpleural lesion. The 
air spaces in a limited area are more or less filled with cellular material. 
In figure 2 the character of this material is shown in detail. It consists 
of large mononuclear cells, probably derived from the blood and lymph 
vascular endothelium in the immediate vicinity, which have proliferated 
and then passed into the alveolar lumen. Once there, repeated cell 
division gives rise to considerable cell accumulation. In figure 3 the 
number of these cells has increased so that the mass assumes a more 
solid appearance and isdefinitely demarcated from the surrounding tissue. 
Figure 4, a high power detail, shows the fusion of single mononuclear 
cells to form large cell plaques within the alveoli. The walls of the 
latter are much thickened, and it is difficult to differentiate them from 
intradlveolar masses. Much of this thickening is due to proliferation 
of connective tissue within the wall which compresses the capillaries be- 
yond recognition. 

In figure 5 all traces of normal structure are obscured at the centre 
of the mass; at its periphery are air spaces with thickened walls, and 
with lumina containing cell plaques or single mononuclear cells. About 
the nodule it will be noted that the air spaces are enlarged and distorted, 
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a zone of pathological emphysema. This emphysema is the result of 
the contraction of the newly formed connective tissue, and will play an 
important part in the healing process. On the pleural surface is a dis- 
tinct cap of granulation issue, proliferated connective tissue cells and 
small newly formed blood vessels. The line of the old pleural surface 
can be detected passing beneath the cap. At the right is a mass of 
lymphoid tissue in relation to a small blood vessel. This is a nonspecific 
response, the significance of which will be treated later. Figure 6 shows 
in detail the appearance at the edge of the tubercle at this stage. It 
will be noted that, while the large vessel below has not been obliterated, 
no trace of capillaries can be seen. 

In figure 7, the centre of the tubercle has become quite homogeneous, 
preliminary to caseation, and there is a more or less generalized infiltra- 
tion of the whole mass with lymphocytes. The high power detail in 
figure 8 shows a solid mass of proliferated cells (endothelial leucocytes 
and fibroblasts); above is lymphoid infiltration and to the left a large 
blood vessel is included. 

Figure 9 is a section of a tubercle with a well developed caseous centre. 
The connective tissue stain clearly demonstrates the fibres of connective 
tissue arranged radially and circumferentially. The contraction of 
these fibres has produced a high grade of emphysema about the tubercle. 
The pleural cap is thickened and contains a vessel of considerable size. 
Figure 10 shows a similar lesion. 

In figure 11 (high power) the full development of caseation has been 
reached. Up to this time (about one month), tubercle bacilli have 
become more and more numerous. In a lesion of this sort the caseous 
matter contains great numbers of bacilli and a few can be found in the 
inner third of the proliferative zone. 

The lesions so far illustrated differ in no respect from the ordinary 
tubercle. We should now expect either that it would spread by direct 
extension and that further caseation would occur; or, if the process were 
going to heal, that the caseous matter would shrink and perhaps calcify 
and that the proliferative process would gain the upper hand, transform- 
ing the whole into a fibrous mass. In the lesions induced by this organ- 
ism, however, such is not the case. 

As illustrated in figure 12, the caesous matter becomes dry and 
granular, and is invaded by phagocytes. Tubercle bacilli are now few in 
number, and the proliferative zone shows fewer cells and more fibres. 
Due to contraction, the surrounding emphysema is yery pronounced. 
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In figure 13 there is further shrinkage of caseation and a wide prolifera- 
tive zone. This is also seen in figures 14 to 18; figures 14 and 15 show 
well developed masses of lymphoid tissue at the periphery of thelesion, 
and in 16, 17, and 18 the connective tissue contraction, with resultant 
emphysema, is very apparent. In figure 18 this contraction is so marked 
as to have produced a dimpling of the pleural surface. In this section 
also is seen the last trace of caseation. 

Figures 19 to 25, inclusive, show proliferative massses only. All 
traces of caseation have disappeared. In many cases a high degree of 
emphysema persists, but in some instances there has been a relaxation 
of the connective tissue, with the result that the alveoli assume a 
more normal size and shape. By this process the air spaces surrounding 
the lesion have been slowly pulled over the diseased area, and then, by 
a gradual readjustment of space relationships, the whole area is replaced 
by more or less distorted alveoli. The thickening of the alveolar walls 
gradually subsides until finally, as shown in figure 25, all that remains 
at the site of the tubercle is a slight irregularity of alveolar outline. The 
pleural cap is likewise involved in the resorption process, and though it 
frequently persists much longer than the intrapulmonary lesion, yet 
it, too, is ultimately absorbed and there is apparently complete restitu- 
tion to normal lung tissue. 

One change does persist long after the specific lesion has disappeared, 
and this is the lymphoid hyperplasia shown in figures 26 to 28 inclusive. 
These peripheral masses of lymphoid tissue are not present in the normal 
guinea pig’s lung, but under the stimulation of an appreciable amount 
of many foreign substances within the alveoli small collections of lympho- 
blastic cells located at the distal ends of the ductuli alveolares and at 
junction points of small peripheral veins undergo active multiplication. 
By repeated cell division these masses attain a considerable size, and 
become visible to the naked eye as collections of greyish pinpoint nodules. 
After attaining a maximum development proliferation ceases, but the 
masses persist indefinitely; and often serve as the only index of the pre- 
vious disease. Such nodules, arising from a pulmonary tuberculosis 
which has been allowed to heal, fail to infect guinea pigs when injected 
subcutaneously. 

The process of resolution in these tubercles induced by the inhalation 
ol the R1 strain of tubercle bacilli in guinea pig’s lungs may be summed 
up as follows: The bacilli are killed by the body fluids; the caseous matter 
is invaded and removed by mononuclear and polynuclear cells; and the 
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proliferated cell masses at the periphery are absorbed even as granulation 
tissue is absorbed after any other infectious process. 

Thus it has been demonstrated that caseous tubercle can heal by reso- 
lution. That the animals were once infected is beyond doubt, for they 
have all reacted to an intradermic tuberculin test; that the lesions have 
not been missed in the choice of blocks is shown by the large number of 
sections selected from the same animal with aid of a hand lens. More- 
over, at the height of the disease the pleura is studded everywhere with 
tubercles a millimetre in diamtere. As time progresses these lesions 
shrink in size, become fewer and finally disappear completely. This 
sequence of events has been observed not only in the small series of 
animals in this experiment, but repeatedly in the course of many ex- 
periments in which this strain of tubercle bacillus has been used to infect 
guinea pigs by the inhalation method. 

Owing to the wide use of this organism in tuberculosis experimenta- 
tion, it has seemed rational to record this sequence of events. It is 
not yet demonstrated that human pulmonary tuberculosis, being, as it 
usually is, an autogenous reinfection upon sensitized soil, most often 
with virulent organisms, can likewise heal by resolution. The steps 


in the proof of such a process are lacking, but any experienced clinician 
has seen the lesions of pulmonary tuberculosis disappear before hiseye 
leaving no trace that he can detect by X-ray films or by physical signs. 

On the other hand, it is believed that many primary infections in 
the human body disappear, leaving no visible alteration in the tissues. 
It is entirely possible that such a mechanism as has been described 
may be involved. 


Note: Since the completion of this paper, and in fact after it was in the hands of the 
editor, a study of serial sections of R1 inhalation tubercles raised a doubt in the author’s mind 
as to the correctness of these observations on the mechanism of resolution. In serial sections 
of the same tubercle pictures corresponding to several different stages in the resolution process 
were encountered. To check this observation, serial sections including some thirty tubercles 
were cut from 13 new blocks of the tissue already described. This involved the cutting and 
staining of 480 new sections.. Study of this material revealed the fact that the alterations in 
structure encountered in passing from the caseous centre of a fully developed tubercle to its 
granulation tissue periphery, were repeated in the stages of resolution. Thus tubercles were 
encountered whose entire structure was composed of granulation or scar tissue, while in 
terminal stages the whole lesion does actually consist of a scar tissue pleural cap. 
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Fic. 4. Hich Power Detait oF Fic. 3; THICKENED ALVEOLAR WALLS; Fusion oF Mono- 
NUCLEAR CELLS TO ForM PLAQUES WITHIN ALVEOLI 
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Fic. 3. FURTHER PROLIFERATION; ALVEOLAR WALLS TAICKENED BUT STILL DISCERNIBLE 
| 
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Fic. 5. NopuLtE More DiscRETE; PLEURAL GRANULATION TISSUE CAP; EMPHYSEMA ABOUT 
LowER BorDER OF TUBERCLE; LymMpHoID HYPERPLASIA AT RIGHT 


Fic. 6. Hich Power Deratt or Fic 5; Loss or NorMAL ALVEOLAR OUTLINE; LARGE CELL 
PLAQUES 
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Fic. 7. IRREGULAR LyMPHOID INFILTRATION OF TUBERCLE AND GRANULATION TISSUE CaP; 
BEGINNING COAGULATION NECROSIS AT CENTRE 


Fic. 8. Hich Power Detatt or Fic. 7; Sotmp Mass or PROLIFERATED CELLS. LYMPHOCYTES 
ABOVE; SECTION OF BLoop VESSEL INCLUDED IN TUBERCLE FORMATION 
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Fic.9. CONNECTIVE TissuE STAIN. RaApIAL AND CONCENTRIC COLLAGEN FIBRES; 
GRANULATION TISSUE Cap with DEPRESSION OF NORMAL PLEURAL SURFACE; WELL 
DEVELOPED CASEOUS CENTRE; EMPHYSEMA ABOUT TUBERCLE 
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Fic. 10. Preurat Cap; CAsEous CENTRE; EMPHYSEMA 


: 
La 

4 
es 

ig 

a 

@, 

iq 

is 


Fic. 11. Hic PowEr oF Futty DEVELOPED TUBERCLE; LARGE CASEOUS CENTRE. 
Note LARGE AIR SPACES AT PERIPHERY, LINED WITH CUBOIDAL EPITHELIUM 


Fic. 12. First StaGE oF RETROGRESSION, GRANULAR CASEOUS MATERIAL, INVADED BY 
MONONUCLEAR PHAGOCYTES AND POLYMORPHS; PROLIFERATIVE ZONES LESS CELLULAR 
AND IRREGULARLY INFILTRATED WITH LympHocyTES; Mass or TISSUE 
AT Lower Ricut BorDER OF CASEATION; EMPHYSEMA 


174 


Fic. 13. CONTRACTION OF CONNECTIVE TISSUE IN PROLIFERATIVE ZONE. NOTE APPEARANCE 
OF LARGE AIR SPACES IN THIS ZONE AND EMPHYSEMA 


Fic. 14. Lympnocytic INFILTRATION; LARGE Mass or LympHor TISSUE ON RIGHT; EmMpHy- 
SEMA; PLEURAL CAP 
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Fic. 15. SHRUNKEN CASEOUS CENTRE; CONTRACTION OF PROLIFERATIVE ZONE; DENSE 
Frprous TISSUE IN PLEURAL Cap; LARGE PERIVASCULAR Mass OF LYMPHOID 
TIssuE ON LEFT 


Fic. 16. FURTHER SHRINKING IN CASEOUS CENTRE; MARKED CONTRACTION OF PROLIFERA- 
TIVE ZONE PropucinG HicH GRADE EmpHysEMA; DENSE FIBROUS PLEURAL CAP 
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Fic. 17. Smatt Amount oF CAsEoUS MATERIAL; NONCELLULAR FiBRous POLIFERATIVE 
ZONE IN WHICH AIR SPACES ARE APPEARING; EMPHYSEMA 


Fic. 18. As In Fic. 17. More MArkep CONTRACTION PRODUCING DIMPLING OF PLEURAL 
SURFACE AND MARKED EMPHYSEMA 
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Fic. 20, A TUBERCLE IN STAGE oF Fic, 19, Formep ABout A VESSEL, HYPERPLASTIC 
NODULE ON LEFT 
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Fic. 19. ComMpLeETE DISAPPEARANCE OF CASEOUS CENTRE 
: 
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Fic. 21. WELL DEVELOPED PLEURAL CAP; SMALL AMOUNT OF CONTRACTED NONCELLULAR 
CONNECTIVE TISSUE; EMPHYSEMA 


Fic. 22. PLEURAL Cap SHRINKING; LESS CONNECTIVE TISSUE; SOME EMPHYSEMA 
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Fic. 23. DENSE Frsrous PLeuRAL Cap; CONTRACTION OF CONNECTIVE TISSUE WITH 
RESULTING EMPHYSEMA 


Fic. 24. PERSISTENT PLEURAL Cap; SticHt FocaL THICKENING OF ALVEOLAR WALLS; 
EMPHYSEMA 
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Fic. 25. PLEURAL Cap 
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Fic. 26. Low Power. 
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Fic. 28. DETAIL oF LympHor HyperpiasiA, No TRACE oF SPECIFIC TUBERCLE 
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Fic. 27. Low Power. LympHorp HyperpPiasiA, No TRACE OF SPECIFIC TUBERCLE 
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STUDIES ON THE CHEMOTHERAPY OF SILVER AND 
ARSENIC COMPOUNDS IN EXPERIMENTAL 
TUBERCULOSIS! 


MAURICE I. SMITH 


From the Hygienic Laboratory, Division of Pharmacology, United States Public Health Service, 
Washington 


The brilliant successes achieved with arsenic compounds in protozoal 
infections are too well known to need comment. As applied to bacterial 
infections some results suggestive of promise have been reported with 
arsenobenzol derivatives in anthrax and, in swine erysipelas (1), (2), 
(3), (4). . Our knowledge concerning the effects of arsenic compounds 
of arsenobenzol type in tuberculosis is meagre, and almost entirely based 
on clinical observations in syphilis complicated with tuberculosis. Potter 
(5) summarizes a large amount of the available evidence, stating that 
tuberculosis is no contraindication to the use of arsphenamine in syphilis, 
and in some instances appears to be influenced favorably by this drug. 

In experimental tuberculosis favorable results for inorganic arsenic 
in combination with guiacol is claimed by Burow (6). Nurenberger 
(7), however, repeated Burow’s experiments but could not confirm 
them. Charpentier (8) states that tubercle bacilli grow well in the 
presence of sodium arsenate or atoxy], though less abundantly on media 
containing sodium cacodylate. The latter, however, did not modify 
the progress of tuberculous infection in guinea pigs inoculated with a 
virulent strain of tubercle bacilli. Arkin and Corper (9), studying 
the bactericidal action on the tubercle bacillus of several inorganic as well 
as organic arsenic compounds, including neoarsphenamine, found them 
quite ineffective. From the experimental data available it would seem 
that the question as to the possible usefulness of arsenic in experimentally 
produced tuberculosis in the living animal is still an open one, especially 
as regards the newer arsenicals in combination with heavy metals such as 
silver. Indeed, there is some experimental evidence to indicate that the 
silver introduced into the arsphenamine molecule increases the efficiency 
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of the latter greatly in protozoal infections, though the modus operandi 
has not yet been determined (Dyer and Voegtlin (10)). 

Silver has been applied in the chemotherapy of diseases of protozoal 
as well as of bacterial origin since the introduction of colloidal silver 
into medicine by Credé in 1897 (11). Experimentally, colloidal silver 
' has been found by Cernovodeanu and Henri (12) to be strongly bac- 
tericidal against anthrax bacilli, and other non-acid-fast microérganisms, 
Foa and Aggazzotti (13) treated general staphylococcic infections in 
rabbits with a silver hydrosol and succeeded in delaying the death of the 
animals. In diplococcic and typhoid infections they were able to save 
their animals. Chirié and Monnier-Vinnard (14) were able to retard 
and in some instances cure pneumococcic infections in white rats and 
mice by means of colloidal silver. Leschke and Berliner (15) have 
recently studied the bactericidal action of various dye compounds of 
silver on staphylococci and streptococci and found this to be undi- 
minished in serum. Leschke also claims favorable results from silver 
methylene blue in streptococcic infections of man (16). The same com- 
pound has also been found useful in anthrax infections by Baumann 
(17). Torraca (18) further states that colloidal silver exerts a favorable 
influence on experimental anthrax infection in the guinea pig. 

The bactericidal action of silver on the tubercle bacillus has been found 
by DeWitt and Sherman (19) to be considerable. These authors showed 
that silver nitrate kills the tubercle bacillus in twenty-four hours in 
dilutions of 1:400, and when computed on the basis of molecular con- 
centration the tuberculocidal action of silver compares favorably with 
that of mercury, the latter being only twice as effective. DeWitt (20) 
has also employed a compound of silver and trypan blue in experimental 
tuberculosis of the guinea pig. This compound however did not possess 
any tuberculocidal action 4 viiro and failed to influence the progress 
of the infection in the experimental animals. 


EXPERIMENTAL 


In the present work it was sought to determine the effects of some ar- 
senic and silver compounds on experimentally produced tuberculosis in 
the guinea pig. These studies were supplemented by experiments de- 
signed to determine the effect of these compounds on the growth of the 
tubercle bacillus im viiro. Some experiments were further made to 
determine the pathogenicity of tubercle bacilli for the guinea pig 
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after they had been exposed for some time to the action of these sub- 
stances in vitro. The compounds employed in these experiments were 
neoarsphenamine, silver arsphenamine, colloidal silver oxide, and a 
compound of silver and methylene blue. The first two compounds were 
obtained from the H. A. Metz Laboratories. The colloidal silver oxide 
compound employed is known by the trade name of Cargentos, is readily 
soluble in water and was found to contain 23.9 per cent of silver. The 
compound of silver and methylene blue was kindly prepared by Dr. J. 
M. Johnson of this laboratory to whom I wish to express my gratitude. 

This compound was prepared in the following manner: Methylene 
blue and silver nitrate were dissolved separately in cold methyl alcohol, 
and mixed in the proportions of one molecule of the former to two mole- 
cules of the latter. The precipitate thus formed was washed with methyl 
alcohol, and dried at 100°C. to constant weight. On analysis this com- 
pound was found to contain 32.99 per cent of silver, and is probably 
an addition product of methylene blue and silver nitrate, having the for- 
mula CigHisNsSCl-2AgNO;. The theoretical silver content of the latter 
is 32.74 per cent. The compound is soluble in water, and its silver is 
readily precipitated by H.S. 

The inhibiting action of these substances on the tubercle bacillus was 
determined by inoculating 100 cc. flasks containing varying dilutions 
of the chemicals in 20 cc. of sterile glycerin-broth with a culture of human 
tubercle bacilli, H37, grown on glycerin-broth. The inoculated flasks 
were kept in the incubator at 37°C. until the surface was completely 
covered in the control flasks. A period of three to six weeks was usually 
found to be sufficient. The hydrogen ion concentration of the medium 
was always controlled by the colorimetric method of Clark and Lubs 
(21), and a pH variation of only 7.4 to 7.8 was allowed in these experi- 
ments. 

The antiseptic action of neoarsphenamine, silver arsphenamine and 
colloidal silver oxide for the tubercle bacillus was very slight. Partial 
inhibition of growth was observed with neoarsphenamine and silver 
arsphenamine in concentration of 1:20,000. Complete inhibition has 
not been effected in a concentration of 1:10,000, and higherconcentra- 
tions were not tried. Colloidal silver oxide gave no inhibition what- 
ever up to the concentration of 1:5000. Higher concentrations were not 
tried. The compound of silver and methylene blue completely inhib- 
ited the growth of tubercle bacilli in 1:100,000 dilution and partially 
inhibited in 1:200,000 dilution. As a check against the latter the in- 
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hibiting action of methylene blue was determined, and it was found to 
effect partial inhibition in 1:500,000 and complete inhibition in 1:200,000 
dilution. This practically confirms the findings of Lewis (22) who, 
working with a bovine strain of tubercle bacilli, stated that methylene 
blue strongly restrained their growth in dilutions up to 1:1,000,000. 

The results of this test clearly indicate that the inhibiting action of 
the arsenobenzol derivatives on the tubercle bacillus im vitro is very 
slight, and is not augmented by silver, which by itself in the colloidal 
state appears to have no inhibiting action whatever. The diminished 
inhibiting action of the compound of silver and methylene blue as com- 
pared with that of methylene blue alone is probably in proportion to 
the displaced methylene blue by the silver in the molecule of the com- 
pound. 

Experiments were next conducted to determine the effect of the silver 
and arsenic compounds under consideration on the pathogenicity of the 
tubercle bacillus. An emulsion of tubercle bacilli, H 37 human strain, 
grown on glycerin-broth was prepared, 1 cc. to contain 10 mgm. of moist 
tubercle bacilli, and three drops of this emulsion were added to each of 
several sterile centrifuge tubes, containing 5 cc. of a definite concentra- 
tion of the above compounds in sterile distilled water. The tubes were 
incubated at 37°C. for forty-eight hours, and then centrifugated. The 
centrifugate was washed several times with sterile salt solution to remove 
all traces of the compound. The residue after the last centrifugation 
was taken up in 1 cc. sterile salt solution and injected intraperitoneally 
into guinea pigs. At autopsy sections were made of the various organs 
for histological examination. The results of these observations are 
summarized in table 1. 

It appears that the compounds under consideration have no decided 
influence in concentrations up to 1 per cent on the pathogenicity of the 
tubercle bacillus when exposed to their action at body temperature for 
forty-eight hours. The washed tubercle bacilli provoked the character- 
istic reaction in every case. In some instances the reaction was milder 
than in others, notably that of neoarsphenamine 1:100, and of silver 
arsphenamine 1:1000. It is doubtful, however, whether this signifies 
an attenuating effect on the tubercle bacillus. The result is more likely 
due to a variation in reaction, and if these animals had been allowed to 
live longer the tuberculous process would have been more extensive. 
The experiment made with methylene blue and with its silver compound 
clearly indicates that neither has any effect on the pathogenic character- 
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istics of the tubercle bacillus im vitro. This is somewhat at variance with 
the results of DeWitt (23), who states that exposure of tubercle bacilli 
to 1 per cent methylene blue solution either kills or attenuates them, 
though she further states that methylene blue cannot be depended on 
as a tuberculocidal agent. 

There still remained the possibility that these substances may affect 
the tuberculous process in the living animal. To determine this point a 
series of 125 guinea pigs, ranging in weight for the most part between 
300 and 400 grams, were inoculated intraperitoneally with 0.1 mgm. 
tubercle bacilli, human strain (H 37). This series of animals was divided 
into five groups of 25 each. One group was kept as controls; another 
was given weekly intravenous injections of 10 mgm. per kilo of 1 per 
cent solution of neoarsphenamine (K22); the third group was given 
weekly intravenous injections of 10 mgm. per kilo of 1 per cent solution 
of silver arsphenamine (SSE); the fourth group was treated with colloi- 
dal silver oxide, 5 mgm. per kilo of metallic silver intravenously once a 
week ;and the fifth group received weekly intravenous injections of 5 mgm. 
per kilo of 0.5 per cent solution of silver methylene blue, which is ap- 
proximately 50 per cent of the maximum tolerated dose of this substance 
for the guinea pig. All the animals were kept under the same conditions, 
and allowed a liberal diet of oats, hay, cabbage and carrots. They were 
weighed once weekly. During the progress of the experiment an epizo- 
otic broke out and killed many of the experimental animals between the 
third and twentieth day following the inoculation, that is, before there 
was sufficient time for the disease to develop to a pronounced degree. 
This unfortunately robbed the experiment of some of its value. How- 
ever, a sufficiently large number of both control and treated animals 
either escaped or survived the accidental infection to permit of drawing 
some fairly definite conclusions from this experiment. 

Of the animals that escaped or survived the accidental infection and 
lived sufficiently long to develop tuberculosis there were 15 controls, 
16 in group 2, 19 in group 3, 11 in group 4, and 16 in group 5. Most of 
these animals however also died between the twentieth and the thirty- 
first day following the inoculation. The epizodtic at this time appar- 
ently exhausted itself, and the remaining few animals, namely, 2 con- 
trols, 4 treated with silver arsphenamine, and 5 treated with silver 
methylene blue lived to from eighty-three to one hundred and forty- 
three days. 
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In order to get a fair estimate as to what the treatment did for these 
animals it is necessary to compare the different groups with the controls 
at each period of the experiment. A comparative study of the weight 
curves of these animals or of their length of life would obviously be of 
no value. The only criterion that can be used with safety here is the 
extent of the tuberculous process at necropsy and possibly the time of 
first appearance of definite lesions in the controls and the treated animals. 
When viewed in this light it will appear from table 2 that definite evidence 
of tuberculous involvement became apparent in the animals of all the 
groups that came to autopsy between the thirteenth and seventeenth 
day after inoculation, and that after from seventeen to twenty days 
following inoculation no animal in any eromp that came to autopsy was 
free from tuberculosis. 


TABLE 2 


Showing time of appearance and extent of generalisation of the tuberculous process in the control 
and treated animals 


TIME IN DAYS 
|PERCENTAGE OF ANIMALS SHOWING 
BETWEEN INOCULATION TUBERCULOSIS 


When no 
Wi With With 
janimal was ithout moderate | extensive 


free from | generaliza- 
generaliza-| generaliza- 
tuberculo-} tion ton 


Piet 

appearance 
of tuber- 

culosis 


0 14 


Neoarsphenamine............... 16 17 17 75 25 0 
Silver arsphenamine............. 19 17 17 74 16 10 
Colloidal silver oxide (Cargenios) 11 15 19 91 9 0 
Silver methylene blue........... 16 16 20 50 25 25 


Concerning the extent of generalization of the tuberculous process it 
will appear from this table that the control animals and those treated 
with silver arsphenamine and silver methylene blue have a considerable 
percentage of animals showing very extensive and far advanced tuber- 
culosis. This is entirely accounted for by the fact that 2, 4, and 5 
animals of these respective groups lived to from eighty-three to one 
hundred and forty-three days, while all the other animals of all groups 
died by the thirty-first day after inoculation. Considering the animals 
that died during the second period of the experiment, that is, between 
thirteen and thirty-one days following inoculation, it will appear that 
none of the controls showed more than local tuberculosis, such as tu- 
berculosis of the spleen or omentum, while the animals of the treated 
groups showed in from 9 to 25 per cent evidence of generalization. 
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All in all, there is no evidence that the silver and arsenic compounds 
employed in this investigation have any favorable influence on experi- 
mental tuberculosis in the guinea pig. 


SUMMARY AND CONCLUSIONS 


An investigation was conducted on the chemotherapy of some arsenic 
and silver compounds in tuberculosis. The results permit of drawing 
the following conclusions: 

1. Neoarsphenamine and silver arsphenamine have a very slight 
inhibiting action on the growth of the tubercle bacillus # vitro. Colloi- 
dal silver oxide has no effect whatever on its growth, while silver meth- 
ylene blue has a very considerable inhibiting action on its growth. 

2. None of these substances has any demonstrable effect on the patho- 
genicity of the tubercle bacillus when exposed to their action in vitro at 
body temperature for forty-eight hours. 

3. None of these substances when administered to experimentally in- 
fected tuberculous guinea pigs has any favorable influence on the course 
of the disease. 


My thanks are due to Professor Carl Voegtlin for many valuable suggestions and helpful 
advice throughout this work. 
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NONSPECIFIC CROSS-FIXATION OF COMPLEMENT WITH 
WASSERMANN AND TUBERCULOSIS ANTIGENS 


(A Preliminary Report) 


ANNA DEAN DULANEY 


From the Public Health Laboratory, Department of Preventive Medicine, University of Missouri, 
Columbia, Missourt 


The past few years have witnessed a growing interest on the part of 
serologists in the question of nonspecific cross-fixation of complement. 
Since the complement fixation tests have their greatest value and are 
more generally used in the serum diagnosis of syphilis and tuberculosis 
the problem of cross-fixations with the antigens employed in these tests 
has received special consideration. 

A critical review of recent current literature regarding this subject 
reveals the fact that while no two laboratory workers offer the same 
results as to the percentage of nonspecific cross-fixations which occur, 
practically all agree that such a thing exists and is a frequently encoun- 
tered problem in serological work. When it is remembered that there 
is no standardization of reagents or technique, a discrepancy in results 
is to be expected; but this fact in no way helps the reader to draw sat- 
isfactory conclusions. All of this is a plea in itself for the ultimate 
standardization of such tests. 

Since the complement fixation test is being made more and more 
delicate, these nonspecific cross-fixations will undoubtedly be met with 
more and more frequently. However, an investigation of clinical 
histories will clear up many of these cases, and as a result they will be 
found to be specific rather than nonspecific. 

The following report on the work done in the Public Health Labora- 
tory, University of Missouri, under Dr. M. P. Ravenel, is based on a 
study of the sera from 600 cases. Of this number 100 sera were from 
known tuberculous patients, and 500 represented specimens of blood 
sent in for routine Wassermann examination. The work was under- 
taken with the hope of contributing data on the following questions: 

1. Do tuberculous, nonsyphilitic sera give positive Wassermann 
reactions? 
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2. Do Wassermann-positive, nontuberculous sera give positive tuber- 
culosis fixations? 

In every case a definite clinical history was obtained from the physi- 
cian, and these data have been carefully considered in the report. 

The subject of complement fixation in known tuberculosis cases has 
been so thoroughly covered by many investigators that it is not thought 
necessary to include even a brief summary of their work in this paper. 
It is sufficient to mention that the reports show that the percentages 
of positive reactions among the definitely tuberculous vary from a very 
low one to almost 100 per cent, and that the actual value of such a test 
is as yet undetermined. The majority of reports also include statistics 
regarding nonspecific cross-fixation and these are very interesting. 

Stivelman, speaking of tuberculosis complement fixation tests, states 
that Craig obtained 2 positives in 350 nontuberculous persons, and that 
McCaskey reports 15 out of 74 positives among patients free from 
clinical tuberculosis. Stivelman himself worked with 205 patients, 
22 of whom were clinically nontuberculous. Routine Wassermanns 
and tuberculosis complement fixations were run on all sera. Of the 205 
sera, 4 gave a positive Wassermann. These patients had tuberculosis, 
but gave neither history nor evidence of syphilis. Of the 22 nontuber- 
culous cases, 7 gave a positive reaction with tuberculosis antigen. He 
concluded that the test is not a valuable one in diagnosis. 

Young and Givler found that 11 per cent of clinically normal indi- 
viduals (based on a study of 97 sera) gave positive reactions with tuber- 
culosis antigens. They also tested known Wassermann positive sera 
and report that 50 to 60 per cent gave cross-fixations. Only 19 sera were 
studied, however. 

Lange, in her work with complement fixation for tuberculosis, reported 
13.6 per cent (in 683 sera) of positives among normals. She also worked 
with 147 sera giving positive Wassermanns and found that “ten sera from 
patients free from clinical syphilis or tuberculosis gave fixations and 
twelve from patients in whom there was clinical syphilis but no clinical 
tuberculosis.” 

Petroff, found 3 out of 96 “normals” who gave a positive reaction with 
tuberculosis antigen. He states that a number of workers (Snow and 
Corper, McClure and Lott, Smith and McNeal) have obtained a high 
percentage of positive Wassermanns among the tuberculous when 
cholesterinized antigens were used and that they do not regard these 
results as trustworthy. - 
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Petroff investigated the subject of positive Wassermanns among the 
tuberculous and used three antigens, a cholesterinized beef-heart extract, 
an acetone, and an alcoholic antigen. His results were as follows: 
“Of the 376 cases with a positive complement fixation for tuberculosis, 
82 gave a positive Wassermann reaction with cholesterinized heart 
extract, while only 9 gave a positive reaction to alcoholic and acetone 
precipitate antigen. Every one of these 9 cases gave'a positive history 
of lues.”’ These results led him to conclude that positive Wassermanns 
among the tuberculous, when only a cholesterinized antigen is used, are 
often not specific. 

Lewis mentions the fact that a considerable number of ‘otherwise 
healthy individuals” will often give some deviation of complement. He 
found that about 10 per cent gave a strong deviation, but suggests that 
these results may be explained by the well known fact that the great 
majority of persons at some time have some tuberculous infection, and 
that those giving this result probably had a focus of infection, not 
sufficient, however, to influence their general health. He also suggests 
that the many positive reactions with tuberculosis antigen among the 
known Wassermann positive sera may be explained by the fact that 
vigorous antisyphilitic treatment may activate small tuberculous lesions 
sufficiently to give a positive reaction. ; 

The reader is also referred to Hassow O. Von Wedel’s work on “‘The 
Complement Fixation for Tuberculosis” (The Journal of Immunology, 
v, no. 2, March, 1920), in which the author gives an extensive historical 
review of the subject of specific and nonspecific fixations with tuber- 
culosis antigen. He also includes a report of his studies regarding 
nonspecific cross-fixations. Of the 192 sera tested, 85 gave positive 
Wassermanns but negative complement fixations with tuberculosis 
antigen; 104 were negative with both antigens; 3 were positive with 
both antigens. Of the 3 sera which gave positive reactions with both 
antigens, 2 were from patients who had clinical histories and symptoms 
of both syphilis and tuberculosis. No history regarding the third case 
was obtained. 

As was previously stated, the present report is based on a study of 
600 sera: 100 from known tuberculous cases, and 500 from specimens of 
blood received for Wassermann tests. Doctor Ravenel, Director of the 
Laboratory, made arrangements whereby we secured sera from the State 
Tuberculosis Sanatorium, Mt. Vernon, Missouri, and from the state 
prison. In every case the patient was definitely tuberculous, and was 
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free from any history or clinical evidence of syphilis. The original 
plan was to run several Wassermanns on the same patient, the sera to be 
collected at intervals and to be taken during both the quiescent and 
exacerbation periods. In only a few cases, however, were we able to 
secure more than one specimen from the same patient, and the 100 
cases reported on in this paper represent 100 patients at various stages 
of the disease. With each serum was received complete data regarding 
the duration of the disease, condition of the patient at the time, and 
other information. Routine Wassermanns were run on all sera, and in 
40 cases complement fixation tests for tuberculosis. It is regretted that 
these tests were not made on all the sera as the comparisons are inter- 
esting. 

Routine Wassermanns and complement fixations for tuberculosis were 
run on all the sera of the second group. These tests were carried on at 
the same time and under the same conditions. Whenever a positive 
reaction with tuberculosis antigen was obtained, the physician was 
asked for a complete history regarding the special patient. The physi- 
cians throughout the state codperated splendidly with us in this work 
and made it possible for us to obtain the very important data. 

In the Wassermann tests, exactly the same methods and technique 
were employed as have been used in this laboratory for some time 
past. Following is a brief account of the way in which these tests were 
carried on: 


Sera. Practically all of the sera were received in Keidel tubes supplied by 
the laboratory for collection of routine blood specimens, These were sent in 
by mail and kept in the icebox until the tests were run. The sera were from 
24-72 hours old at the time of the test and, because of the Keidel tube method 
of collection, were comparatively sterile. The inactivation period was thirty 
minutes at 56°C. 

Amboceptor. Rabbit antisheep amboceptor was used. This was developed 
by four injections of sheep cells at three day intervals. After the final bleeding, 
the serum was glycerinated (50 per cent), heated for one hour at 56°C., and 
stored in sterile 5 cc. ampules. Titrations were made at intervals to determine 
the unit, which remained practically unchanged. The amboceptor was 
diluted so that 0.1 cc. contained 2 units. 

Blood Cells. The citrated cells were washed with physiological salt solu- 
tion at least four times. A 10 per cent suspension was used. Equal parts of 
the cell suspension and amboceptor dilution were mixed and incubated at 
37°C. for 15-30 minutes. Two-tenths of a cubic centimetre was used, which 
amount contained 1 unit of cells and 2 units of amboceptor. 
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Complement. The blood from several guinea pigs was pooled and the 
serum allowed to separate in the icebox. The serum was diluted 1-10 and the 
unit determined just before using. 

Antigen. A 0.4 per cent cholesterinized antigen was used in all the Wasser- 
mann tests. In addition, a plain alcoholic antigen was used with the known 
tuberculous sera. In every case the antigen was a beef heart extract. The 
usual titrations were made and the antigen was carefully tested out with 
known positive and negative sera. It was diluted 1-10 and the unit was 
0.1cc. 

Technique. One-tenth of a cubic centimetre of patients serum, with double 
the amount of anticomplementary control, was used. Antigen, 0.1 cc., 2 
units of complement, and 0.5 cc. saline solution were added, and the tubes 
shaken and incubated in a water bath at 37°C. for one and one-half hours. 
At the end of that time, 0.2 cc. of sensitized cell mixture was added and the 
tubes replaced in the water bath for thirty minutes. After this incubation a 
reading was made. In case of doubt, the tubes were centrifugated, to be sure 
of the percentage of inhibition. Where a satisfactory reading was made 
without centrifugating, the racks were placed in the icebox over night and the 
results checked the next morning. Often a very slight inhibition would 
disappear after standing in the icebox and such a result was regarded as 
negative. Complete fixation of complement was recorded as 4 +, complete 
hemolysis by the negative sign. 

The complement fixation tests for tuberculosis were conducted in exactly 
the same way. The amount of’patients’ sera, complement, antigen, saline 
solution and sensitized cell mixture were the same; as were the incubation 
periods. The antigen was obtained from the Army Medical School and was 
made according to Petroff’s method. ‘ 


Of the 100 sera from known tuberculous cases, 18 represented patients 
in the incipient stage, 71 were listed as moderately advanced, and 11 
were from advanced cases. Eight of the 100 sera gave positive Wasser- 
manns with cholesterinized antigen. The degree of fixation varied from 
1+ to4+. In 2 cases, the alcoholic antigen also gave a slight fixation, 
1+ ineach case. A comparison of the clinical datain these casesindicates 
that no conclusions may be drawn regarding the stage of the infection or 
the degree of infection which may yield a nonspecific cross-fixation. 
Six of the 8 sera were from patients in the moderately advanced stage; 
2 were from advanced cases. Regarding the duration of the disease, 
this varied from three months to 6 years. Both quiescent and exacerba- 
tion periods were represented and the temperatures ranged from 98° to 
100.2°F. In no case could any history or evidence of a syphilitic infec- 
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tion be obtained. The results are regarded as nonspecific cross-fixations 
of complement, and no attempt is made in this paper to account for such 
reactions. The following tables may present the data more clearly: 


Table showing the resulis of Wassermann tests on 100 nonsyphilitic known tuberculous sera 


STAGE OF DISEASE 


PERIOD AT WHICH SERUM os 
WAS TAKEN Incipient Moderately advanced Advanced 


Positive Negative Positive | Negative Positive Negative 


0 11 5 28 0 0 
Exacerbation............. 0 7 1 37 2 9 


Table showing the clinical findings and Wassermann results with nonsyphilitic known 
tuberculous sera 


DURA- 


SERUM STAGE OF DISEASE ptr PERIOD TURE ANTIGEN 


years 


1 Moderately advanced 2 Quiescent 98.4 2+ - 
2 Advanced 14 Exacerbation 100.0 ap a= 
3 Moderately advanced 6 Quiescent 98.0 44 1+ 
4 Advanced 3 Exacerbation 100.2 2+ _ 
5 Moderately advanced 13 Quiescent 98.4 1+ 1+ 
6 Moderately advanced 1 Exacerbation 98.4 4+ - 
7 Moderately advanced 2 Quiescent 97.4 4+ _ 
8 Moderately advanced | . } Exacerbation 99 .2 4+ _ 


The 500 sera of the second group included 159 positive Wassermanns, 
and 341 negative results. Of the 159 Wassermann-positive sera, 23 
also gave fixations with tuberculosis antigen, while the 341 negative 
sera yielded 20 positives with the tuberculosis antigen. 

The 23 sera which gave fixations with both Wassermann and tuber- 
culosis antigens represented a variety of clinical histories. Three sera 
were from patients who gave clinical evidence of both active syphilis 
and tuberculosis. These sera gave 4+ fixations with both antigens. 
One serum, giving a 2+ Wassermann and a 2+ fixation with tuber- 
culosis antigen, came from a patient who was undergoing antisyphilitic 
treatment and who was classified as “suspected tuberculosis.” One 
serum, giving a 2+ Wassermann and a 2+ fixation with tuberculosis 
antigen, was derived from a patient who gave neither clinical evidence 
nor history of syphilis but who was suspected of having tuberculosis. 
Fifteen sera were from patients who gave neither history nor clinical 
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evidence of tuberculosis. Of this number, 12 were definitely syphilitic, 
No data were obtained regarding the three remaining sera. 

Of the 20 sera giving negative Wassermanns but positive fixations with 
tuberculosis antigen, 7 were from patients who gave neither history nor 
clinical evidence of syphilis but who were definitely tuberculous. One 
serum was from a patient undergoing antisyphilitic treatment who gave 
no evidence of tuberculosis. One serum was from an active tuberculous 
case whose clinical condition suggested syphilis. Two sera were from 
patients who were being treated for syphilis and who were also sus- 
pected of having tuberculosis. Seven sera were from patients who gave 
neither history nor evidence of syphilis or tuberculosis. One serum was 
from a patient who was suspected of having syphilis but who gave neither 
history nor evidence of tuberculosis. In one case no history was 
obtained. 


Table showing clinical findings in sera giving fixations with both Wassermann and tuberculosis 
antigens 


| CLINICAL FINDINGS 

1 a+ 4+ | Positive syphilis, active tuberculosis (3 years) 

2 ie 4+ | Positive syphilis, active tuberculosis 

3 4+ 4+ | Positive syphilis, active tuberculosis 

4 2+ 2+ | Treated syphilis, suspected tuberculosis 

5 2+ 2+ | Negative syphilis, suspected tuberculosis 

6 44+ 4+ | Positive syphilis, no history or evidence of tuberculosis 

7 4+ 2+ | Positive syphilis, no‘history or evidence of tuberculosis 

8 4+ 4+ | Positive syphilis, no history or evidence of tuberculosis 

9 a 2+ | Positive syphilis, no history or evidence of tuberculosis 
10 a+ 1+ | Positive syphilis, no history or evidence of tuberculosis 
11 a 2+ | Positive syphilis, no history or evidence of tuberculosis 
12 2+ 2+ | Positive syphilis, no history or evidence of tuberculosis 
13 4+ 4+ | Positive syphilis, no history or evidence of tuberculosis 
14 2+ 3+ | Positive syphilis, no history or evidence of tuberculosis 
15 4+ 3+ | Positive syphilis, no history or evidence of tuberculosis 
16 44 2+ | Positive syphilis, no history or evidence of tuberculosis 
17 ae 4+ | Positive syphilis, no history or evidence of tuberculosis 
18 1+ 4+ | Negative syphilis, no history or evidence of tuberculosis 
19 1+ 4+ | Negative syphilis, no history or evidence of tuberculosis 
20 i 1+- | Doubtful syphilis, no history or evidence of tuberculosis 
21 3+ 3+ | No history obtained 
22 4i 4+ | No history obtained 

No history obtained 


Note: Positive indicating active syphilis, in most cases under treatment. 
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Table showing clinical findings in sera giving negative Wassermanns but positive tuberculosis 
complement fixations 


No history or evidence of syphilis, active tuberculosis 

No history or evidence of syphilis, active tuberculosis 

No history or evidence of syphilis, active tuberculosis 

No history or evidence of syphilis, active tuberculosis 

No history or evidence of syphilis, incipient tuberculosis 

No history or evidence of syphilis, active tuberculosis 

No history or evidence of syphilis, incipient tuberculosis 

Treated syphilis, no history or evidence of tuberculosis 

Suspected syphilis, active tuberculosis 

Treated syphilis, suspected tuberculosis 

Treated syphilis, suspected tuberculosis 

No history or evidence of syphilis. No history or evidence of 
tuberculosis 

No history or evidence of syphilis. No history or evidence of 
tuberculosis 

No history or evidence of syphilis. No history or evidence of 
tuberculosis 

No history or evidence of syphilis. No history or evidence of 
tuberculosis 

No history or evidence of syphilis. No history or evidence of 
tuberculosis 

No history or evidence of syphilis. No history or evidence of 
tuberculosis 

No history or evidence of syphilis. No history or evidence of 
tuberculosis 

1+ | Suspected syphilis 

3+ | No history 


While the percentages are only comparative, because of the fact that 
in several cases no histories were obtained, they are accurate enough to 
indicate the nonspecific cross-fixation which existed. 

Clinical histories showed that 15 of the 23 sera giving fixations with 
both Wassermann and tuberculosis antigens were from so called “normal” 
persons, who gave neither history nor clinical evidence of tuberculosis. 
These 15 sera represent approximately 10 per cent of the 159 positive 
Wassermanns. Of the 20 Wassermann-negative sera, giving fixations 
with tuberculosis antigen, 9 represented “normal” persons, or approxi- 
mately 3 per cent of the 341 negative Wassermanns. Taken together, 
24 out of 500 sera (5 per cent) gave fixations with tuberculosis antigen 
when there was neither history nor clinical evidence of tuberculosis. 


wassER- | TUBERCU- 
women | | Lost CLINICAL FINDINGS 
10 
11 
12 
13 
14 _ 
15 
16 
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19 
20 
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CONCLUSIONS 


1. Eight of the 100 sera from known tuberculosis patients, who gave 
neither history nor clinical evidence of syphilis, yielded positive Wasser- 
manns with cholesterinized antigen. 

2. Of these, 2 sera gave a 1+ fixation with alcoholic antigen. The 
others were negative. 

3. Of the 500 sera received for routine Wassermann test, 23 sera giving 
positive Wassermanns also gave fixations with tuberculosis antigen, 
while 20 Wassermann-negative sera gave positive tuberculosis comple- 
ment fixations. 

4, The 23 sera giving fixations with both Wassermann and tuberculo- 
sis antigens represented 3 active tuberculosis cases, 2 suspected tuber- 
culosis cases, 15 persons with neither history nor clinical evidence of 
tuberculosis, and 3 cases of which we could obtain no histories. 

5. Of the 20 sera giving negative Wassermanns but positive tuber- 
culosis complement fixations, 7 were from active tuberculosis cases, 5 
from suspected or treated syphilitic cases giving neither history nor 
evidence of tuberculosis, 7 from persons giving neither history nor 
evidence of tuberculosis and 1 from a case where no history was obtained. 

6. Ten per cent of ‘“normal’’ persons, giving a positive Wassermann, 
also gave a fixation with tuberculosis antigen. 

7. Three per cent of ‘normal’ persons, giving a negative Wassermann, 
gave a fixation with tuberculosis antigen. 

8. Five per cent of the 500 sera gave fixations with tuberculosis anti- 
gen when there was no history or clinical evidence of tuberculosis. 

9. Our results tend to show that a positive tuberculosis complement 
fixation in.the great majority of cases indicates an active tuberculosis. 

10. In the case of “normal” persons who give a fixation with tuber- 

-culosis antigen, there is always the possibility of an old or latent infection. 

11. The sera from known tuberculous cases, giving positive Wasser- 
manns without history or clinical evidence of syphilis, are regarded as 
cases of nonspecific cross—fixation. 

12. When only a cholesterinized antigen is used, a positive Wasser- 
mann in active tuberculosis is not to be accepted without thorough 
investigation. 
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TUBERCULOSIS IN INFANCY AND CHILDHOOD 


REPORT OF A CASE WITH PATHOLOGICAL NOTES ON THE 
INCIDENCE AND NECROPSY FINDINGS IN A 
SERIES OF FORTY CASES 


LAWRENCE WELD SMITH 
Department of Pathology, Harvard Medical School, Boston, Massachusetts 


Pathological interest in tuberculous lesions is always stimulated by 
the unusual. It is for this reason that I venture to present the following 
case of an unusual and striking double miliary infection with the tubercle 
bacillus. In addition, the statistical data obtained from the necropsy 
records of the Infants’ Hospital for the past two years are given. This 
shows in some detail the incidence and relative distribution of the 
lesions, and offers an interpretation of their significance. 


CASE REPORT 


Helen F. Eleven and one-twelfth years. A 33918, Children’s Hospital. 

Family history. Father died of appendicitis years ago. Mother and two 
children living and well. No known family history or exposure to tuber- 
culosis. 

. Past history. Born at full term, by a normal delivery. Birth weight 
63 pounds. Always well as a baby, but had measles at five years, typhoid fever 
at six, and pertussis at seven. Trauma to the right eye two years ago, with 
intermittent headaches since. 

_ Present illness. Two months ago had an attack ushered in by nausea, vomit- 
ing, pain in ankles, knees, wrists and left chest. In bed two or three days, 
at school actingnormally. One month ago had another attack with numbness 
of tongue and hands, headache in occipital region and pain in right eye. In 
bed three days; then seemed well until ten days ago, when she collapsed on the 
way to the oculist, was unable to walk and had severe occipital pain. She was 
taken home and put to bed. She was not unconscious but the pain required 
paregoric; otherwise, she screamed with the pain in the occiput and the small 
of her back. Bowels were normal. There was a slight elevation of tempera- 
ture. She is no worse now than a week ago, but has shown no improvement. 
She still requires paregoric to relieve the pain. 
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Physical examination. A fairly well developed and poorly nourished girl 
of about twelve. She appears very lethargic but is quite rational when 
aroused. Head: Both eyes are closed. The left eyeball is more prominent 
than the right, and there is ptosis of the right eyelid. The pupils are small, 
equal, regular and react fairly well to light; do not fully dilate. There is 
slight internal strabismus. Ears and nose are negative. Mouth: There is a 
slight right facial paralysis and the tongue protrudes slightly to the right. 
The neck is slightly stiff on flexion, but not rigid, and there is no true neck sign. 
Chest: is thin and symmetrical. Heart: is negative. Lungs: The child will 
not codperate in the examination. No rales are heard; no dulness is noted. 
Abdomen: The liver edge is felt. The spleen and kidneys are not felt. There 
are No masses, spasm or tenderness. The extremities are negative. Reflexes 
are present but sluggish; no Kernig, Babinski or ankle clonus found. No 
generalized adenopathy is noted. Spine: Is somewhat stiff and painful on 
deep pressure over lumbar region. 

Laboratory findings. Blood: white blood cells, 11,000; hemoglobin (Tal- 
quist) 75 per cent. Pirquet: bovine negative, sixty hours; human negative, 
sixty hours. Spinal fluid: slightly cloudy, colorless, 113 cells, all lympho- 
cytes, globulin +, Fehling’s not reduced, a few intracellular acid-fast bacilli 
found. Urine: negative. 

Excerpts from hospital notes. 12/31/20: The pain was relieved by lumbar 
puncture, and she slept quietly through the night. 1/1/21: The knee jerks are 
present but very sluggish. There is a double Kernig. No true neck sign 
is found but the neck is stiff. 1/2/21: Spinal fluid, 15 cc., cloudy, 320 cells, 
polys 67 per cent, lymphocytes 37 per cent, globulin +. Smear; no tubercle 
bacilli are seen. 1/3/21: There is a very slight right Kernig; the left is 
normal. The abdominal reflexes are normal. The knee jerks are present but 
sluggish. The internal strabismus is still present on the right. There is a 
marked tache cerebrale. The patient spent a comfortable night without 
morphia. 1/3/21: Blood: white blood cells, 6,600. Spinal fluid: Cloudy, 
320 cells, polys 92 per cent, lymphocytes 8 per cent. Tubercle bacilli found, 
globulin +. Fehling’s not reduced. 1/6/21: The patient is delirious to-day 
and cries continually. She is taking her food well, however. 1/6/21: Eye 
consultation: Disc o.d. plain, disc o.s. blurry, especially nasal side, old choroid- 
itis o.d. > 0.s. The findings suggest a solitary tubercle or tumor on the left 
side. 1/7/21: She still has severe pain and is delirious most of the time. 
She has not vomited since admission. The reflexes remain essentially the 
same. 1/9/21: The child is weaker, more restless, and cries constantly. 
Morphine is given nearly constantly. Lumbar puncture gives a small amount 
of opalescent fluid under no increased pressure, which suggests a walling off 
at the base of the brain. No relief from lumbar puncture is obtained. The 
reflexes are variable; no knee jerks to-day. No clonus or Babinski obtained. 
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Spinal fluid: 77 cells; tubercle bacilli seen. 1/11/21: The child is much 
weaker and is failing rapidly. 1/13/21: She gradually weakened and was 
pronounced dead at 7.15 a.m. An autopsy was obtained. 


AUTOPSY 


Diagnosis: Acute and chronic miliary tuberculosis of meninges, lungs, 
heart, pleura, peritoneum, liver, spleen, pancreas, adrenals, and kidneys. Tuber- 
culous bronchopneumonia. Tuberculous thrombosis of pulmonary, supra- 
renal and renal vessels. Central necrosis of the liver. Peripheral gliosis of the 
spinal cord and cerebrum. Perivascular hemorrhages of the cerebrum. 

Body: Is that of a well developed and emaciated female child 146 cm. in 
length. There is some oedema of the lower extremities, but none elsewhere. 
The head shows no abnormalities. The pupils are unequal and irregular, the 
left measuring 4 mm., the right 8 mm. in its vertical and 6 mm. in its hori- 
zontal axis. The lips are cherry red and show some hemorrhages where they 
apparently were injured by the teeth. There is marked rigor mortis present 
and very little postmortem lividity in the dependent portions. The child, 
while being of blonde complexion, exhibits a rather pronounced adult dis- 
tribution of hair: 

Primary incision: From top of sternum to pubes, discloses a practically 
absent panniculus adiposus and very deep red atrophic muscles. 

Peritoneal cavity: Is dry and injected. The colon is redundant, forming a 
complete extra loop which fills the abdominal cavity and the pelvis. The 
liver is enlarged, 3 cm. below the costal margin in the right nipple line, and 
extending horizontally across the abdomen. The spleen is slightly enlarged, 
just appearing at the costal margin. Studding the surface of the peritoneum 
can be found occasional minute tubercles. These are most marked on the 
superior surface of the liver and spleen and deep in the pelvis. Only rare 
ones can be found on the mesenteric portion of the peritoneum, and the 
mesenteric glands grossly do not seem to be involved in the tuberculous process. 

Thoracic cavity: Both pleural cavities are free from fluid. Studding the 
visceral pleura over all five lobes of the lungs, can be seen miliary tubercles 
projecting from the lung tissue. None are noted on the pericardial surfaces. 

Lungs: The right lung weighs 560 gms.; the left 496 gms. They do not 
collapse on opening the chest, and are very firm and resistant to palpation, 
giving the impression of a coarsely granular consolidation throughout all 
lobes. The upper lobes are somewhat more firm to the touch than the bases. 
On section they are found to be completely filled with tubercles, varying in size 
from minute pinpoint whitish flecks to large areas of 1cm. or more in diameter, 
consisting apparently of numerous multiple fused miliary tubercles. These 
tubercles occupy practically the entire lung. The rest of the lung tissue is 
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reddish-purple and depressed below the surface of the tubercles. There is no 
serum or hemorrhagic exudate which can be scraped off with the knife. The 
hilum lymph nodes vary in their involvement, certain of them being definitely 
caseous, others of them apparently showing earlier inflammatory changes 
associated with tuberculous infection. 

Heart: Weight, 160 gms. The pericardium contains a slight excess of clear 
straw-colored fluid. No tubercles are noted on the pericardial surfaces, 
The epicardium is normal in appearance, smooth and glistening. The myo- 
cardium is deep red in color, and shows no evidence of hypertrophy or of 
dilatation. It is of somewhat softer consistence than normal. The endocar- 
dium is smooth for the most part. On the tricuspid valve, notably, there 
are areas of thickening and five or six minute whitish-gray flecks which appear 
to be miliary tubercles. No tubercles are definitely made out in the myo- 
cardium. There are no valvular defects beyond that already noted, and no 
congenital anomalies. 

Liver: Weight 980 gms. The capsule is smooth and glistening, except for 
the presence of a large number of miliary tubercles, chiefly on the superior 
surface. On section the liver is pale, but the normal architecture is readily 
made out. There is some fatty change, particularly centrally in the lobules. 
There is no portal fibrosis. The gall bladder and ducts appear normal. A 
few miliary conglomerate tubercles can be made out macroscopically, but the 
organ is in the gross apparently very much less involved in the tuberculous 
process than are any of the other viscera. 

Spleen: Weight, 90 gms. Shows marked lobulation. The capsule is 
slaty blue in color, and again is studded with tubercles, but it is otherwise 
smooth. The cut surface of the spleen gives the picture of a large number of 
pinpoint, white areas scattered generally throughout the spleen. It is 
difficult to determine whether these are definitely tubercles or not. The cut 
surface is magenta in color. The connective tissue shows a slight increase 
in amount. 

Kidneys: Weight, 210 gms. together. Their capsules are free. The 
surface issmooth. Occasional tubercles can be seen through the surface of the 
the kidneys. On section both kidneys are found to be studded diffusely with 
tubercles of varying size, pinpoint to 0.5 cm. or more in diameter. 

Adrenals: Not%enlarged. On cross section occasional tubercles can be 
detected. 

Thyroid: No definite involvement of the thyroid can be made out. 

Ovaries: No gross picture of tubercle formation can be detected. 

Lymph nodes: The lymph nodes in general show no definite generalized 
tuberculous infection, although they, like the rest of the tissues of the body, 
show the presence of miliary tubercles, and notably in certain of the medias- 
tinal nodes there is definite caseation present. The thoracic duct is buried 
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in a mass of adhesions and seems to be involved in an inflammatory process 
which is presumably tuberculous in character. No other source of the primary 
infection can be detected. 

Head: The usual biparietal incision was made, the skin reflected and the 
skull opened. The dura is markedly thickened over the entire surface of the 
brain, and is adherent at numerous points, particularly over the superior 
surfaces of the frontal regions, by a tuberculous exudate with numerous small 
miliary tubercles present throughout the exudate. 

Brain: Weight, 1200 gms. The brain is removed in the usual manner and ° 
it is noted that there is a very marked involvement of the meninges in the 
vicinity of the optic chiasm and the pineal stalk, as well as over the lower 
portion of the frontal lobes. The frontal and temporal lobes are practically 
fused by this tuberculous exudate. At the base of the brain the foramen 
magnum seems to be completely occluded by a tuberculous exudate of fibrin. 
No evidence of involvement of the brain substance with solitary tubercle 
formation is made out on very careful and complete dissection of the brain. 
Smears taken from the tuberculous exudate show tubercle bacilli, chiefly of the 
long slender type. 

Experimental data: Spleen extract injected intraperitoneally and sub- 
cutaneously into a rabbit and two guinea pigs. One guinea pig killed at the 
end of four weeks. Characteristic tuberculous lesions found. The other 


guinea pig died at the end of six weeks with similar lesions. Cultures taken 
from both animals (Dorset egg medium) and transferred after three weeks to 
glycerin-agar. The rabbit showed no lesions up to twelve weeks, when it 
died of snuffles and bronchopneumonia (nontuberculous). Cultures positive, 
human type. 


MICROSCOPIC EXAMINATION 


Lungs: The microscopic examination of the lungs shows three distinct 
tuberculous processes present. These are, first (fig. 1 B) a miliary tuberculosis 
of several weeks’ duration, with the formation of large miliary and conglomerate 
tubercles, usually caseous centrally, and with a marked cellular reaction 
peripherally, consisting of endothelial cells arranged in their rather charac- 
teristic radial grouping, and the presence of many foreign body giant cells. 
These tubercles vary greatly in size, often attaining a diameter of several 
millimetres. The second process (fig. 1 A) is a secondary acute miliary 
tuberculosis superimposed upon the earlier lesions. This is characterized 
chiefly by a tremendous fibrin deposition and the presence of countless num- 
bers of bacilli arranged in large masses which, under the low power with eosin- 
methylene blue stain, appear as blue colonies resembling staphylococcus 
colonies. Under oil immersion with the eosin-methylene blue stain these 
are found to be stained intensely by the methylene blue, and they are present 


ig 
i 
‘ 


| 
| 
| 


206 LAWRENCE WELD SMITH 


in exceedingly great numbers. Acid-fast stains prove these organisms to be 
typical tubercle bacilli which are very slender and rod-shaped for the most 
part, showing characteristic imperfect staining. They resemble histologically 
the human type of organism. With the eosin-methylene blue stain they 
appear as even narrower red forms suggesting the dissolution or the lack of 
formation of their normal protective capsule. The third process in the lungs 
is a tuberculous bronchopneumonia, with its characteristic gelatinous and 
mononuclear endothelial cell exudate into the alveoli. In addition, we have 
evidence of tuberculous thrombi in certain of the vessels. These do not 
completely occlude the vessel, however, and no infarction has taken place. 
The most striking feature of the micropathology of the lung is the presence of 
the double miliary infection, the one of long standing with marked cellular 
reaction, the other of an acute nature with no cellular reaction. 

Heart: The epicardium shows no evidence of tuberculous infection. The 
myocardium for the most part is normal in appearance, with the exception 
of occasional miliary tubercles scattered through its substance discretely. 
These tubercles again show a suggestion of the double infection, with most of 
them showing a moderate degree of cellular reaction, and the formation in one 
instance of a small giant cell. Certain of these tubercles, however, show the 
more acute type of reaction with the presence of relatively large amounts 
of fibrin and very little mononuclear reaction. 

Liver: Again presents a striking picture of double miliary infection. The 
older, more chronic tubercles are represented by the larger tubercles, which 
show a marked mononuclear and lymphocytic reaction, with the formation of 
giant cells and central caseous areas, The acute and recent lesions are smaller 
and are represented by the presence of deeply staining masses of fibrin which 
contain in their meshes countless tubercle bacilli, but are not surrounded by 
a zone of cellular reaction. Occasionally, however, a recent acute tubercle is 
found occurring upon the site of an earlier tubercle, so that the resulting 
picture is further complicated. These bacilli likewise take the methylene 
blue stain and similarly occur as very slender, long rods. There is no definite 
distribution of these tubercles through the liver substance, so that it is 
obviously a hematogenous condition. And indeed, by careful examination 
under the oil immersion, the earliest signs of tubercle formation can be de- 
tected with the Kupffer cells beginning to proliferate and containing in their 
cytoplasm typical tubercle bacilli. Likewise, tubercle bacilli are seen 
occasionally free in the liver sinuses. 

Spleen: In the spleen we again find evidence of the double infection, the 
earlier lesions being larger, with more cellular reaction and with relatively 
few bacilli present in them. The more acute lesions on the other hand are 
smaller, sometimes superimposed on the earlier lesions, and are characterized 
by intense fibrin deposition and the presence of large numbers of bacteria 
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occurring in colonies. The spleen, other than for the tuberculous processes, 
is markedly congested and there is moderate lymphoid hyperplasia present. 

Pancreas: Histologically, shows no lesions except for the occasional forma- 
tion of discrete tubercles, which are apparently all of the earlier infection, 
as they show marked cellular reaction, the formation of giant cells, and a 
collar of lymphocytes. They are relatively few in number and relatively 
small in size. 

Kidneys: Also show the double type of infection, the distinguishing feature 
being, however, that the secondary lesions are in this instance almost entirely 
superimposed upon the earlier tubercles. These tubercles occur in rather 
characteristic grouping along the course of the main vessels of the kidney, 
usually in the medullary portion extending toward the periphery. They 
appear as if developed by more or less direct extension along the lines of 
least resistance, radially. Under the oil immersion these tubercles likewise 
show the peculiar staining reactions of the bacilli which take the methylene 
blue intensely. There is evidence in one vessel of a definite tuberculous 
thrombus in which the organisms can be demonstrated. 

Adrenals: Also show the familiar double character of infection, but in this 
instance the acute lesions are the more prominent, except for one large con- 
glomerate tubercle centrally in the medullary portion of the gland and 
associated definitely with thrombosis of a vessel. The other tubercles are 
scattered rather diffusely throughout both cortex and medulla, and appear 
histologically as small necrotic foci filled with fibrin and bacilli, which again 
are readily stained by methylene blue. 

Spinal cord: The spinal cord is characterized histologically by two chief 
lesions, the first of these being an extensive tuberculous meningitis involving 
the tissues surrounding the cord itself and, secondly, a prominent peripheral 
gliosis. This is more marked in sections taken just below the medulla than 
in those taken from further down the cord. The tuberculous exudate is 
perfectly characteristic in appearance, consisting of a mononuclear exudate, 
chiefly lymphocytes and epithelioid cells. These go on to the formation of 
definite tubercles, in which the bacilli are readily demonstrated. There is a 
marked fibrinous exudate likewise present, which in places is undergoing 
beginning organization. 

Brain: Sections taken through the base of the brain, particularly sections 
taken through the optic chiasm and the optic nerves, show an extensive 
tuberculous exudation which is characterized by the presence of unusual 
numbers of bacilli. These grow in massive clumps which under low power 
resemble staphylococci colonies and which under high power resolve into 
individual tubercle bacilli which stain intensely with methylene blue 
(fig. 2). Here the bacilli show up to best advantage, because of the relatively 
clear surroundings in which they are found, and they appear as exceedingly 
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delicate rod-shaped forms, which stain unevenly and are often bent upon 
themselves. With carbol-fuchsin they appear characteristically acid-fast. 
Again, there is the suggestion. of the double type of infection; for there are 
countless large conglomerate tubercles of several weeks’ duration which have 
their typical epithelioid zone, giant cells and caseous central areas. The 
exudate generally is of the mononuclear type, both lymphocytes and large 
phagocytic cells. Occasional polynuclear cells can be seen. Whether the 
appearance of these bacilli is due to such rapid growth that their protective 
capsules are not formed, or whether it is due to a digestive process which 
has destroyed the capsules, thus rendering them subject to abortive staining 
reactions, cannot be determined by their histology. The other pathological 
feature is the gliosis (fig. 3) already noted in the spinal cord. This extends 
likewise to the cerebral tissues and is exceedingly prominent in certain of the 
sections, particularly in the vicinity of the optic tracts. With phosphotungs- 
tic acid-hematin stains, this gliosis is brought out to a striking degree. It 
apparently bears no relation to the tuberculous process but there seems to be 
no obvious cause for its presence otherwise. Sections through the rest of the 
cerebrum and cerebellum, with their accompanying meninges, merely present 
additional pictures of the same processes. All the vessels of the cerebrum are 
markedly distended, and many of the smaller capillaries show marked peri- 
vascular hemorrhages varying in degree and size. 


DISCUSSION 


There are certain outstanding features of this case which are of interest. 
Any clinical speculation which it offers I hastily pass by, not feeling 
qualified to judge of its relative value; particularly the part played by 
the trauma of the right eye as an etiologic, or diagnostic factor. 

From the pathological point of view, however, first of all, the bacillus 
itself is of particular interest. Its affinity for aniline dyes of the type of 
methylene blue is exceedingly striking. In none of the subsequent 
preparations from the injected animals, nor in cultures, does this char- 
acteristic persist. Whether it can be explained on the basis of the 
absence of, or merely an abnormal permeability of the fatty capsule is 
impossible to prove. And whether such a condition is due to imperfect 
development of the bacillus or to secondary retrograde changes, is 
equally difficult of solution. That some such diminution in the protec- 
tive action of the capsule has occurred, however, is further suggested by 
the relative ease of decolorizing with acid alcohol in a matter of a very 
few seconds. 

That the condition is due to environment is fairly well substantiated 
by the fact that the cultures and sections of the lesions in the injected 
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animals show no such staining reaction and the bacilli show no abnormal 
characteristics. 

In the next place, the double character of the lesions is very striking. 
It conforms to the clinical picture rather well;—an influenza infection 
and delayed convalescence creating a favorable soil for the secondary 
tuberculous infection, which was probably present for several months 
but was only recognized three weeks before death by a sudden and 
overwhelming generalized lighting up of the process. 

Histologically, the earlier lesions present the usual picture of systemic 
infection with the tubercle bacillus. It is the more recent lesions which 
are of such great interest. The bacilli are present in such masses as to 
be visible as deep staining clumps on naked eye examination of the 
prepared sections. Almost no cellular reaction is present about these, 
but there is a prominent fibrin deposition which is somewhat confusing 
under low power. This terminal infection, with bacilli growing in 
almost colony fashion throughout the tissues, is so unlike the usual 
reaction of the body to the tubercle bacillus as to be worthy of comment. 
It is more like a septicemia with rapidly growing bacteria, such as the 
staphylococcus or typhoid bacillus, and suggests a clinical picture of 
that general character. In only one case of tuberculosis—a localized 
infection of the epididymis—seen in this laboratory, has a comparable 
growth of the bacilli been noted. 

The third most interesting lesion is the extensive gliosis, peripherally 
in the cord and brain. This is much more marked than that which is 
usually seen in tuberculous meningitis. A moderate proliferating 
reaction on the part of the glial tissue is seen often enough in these cases 
to suggest that the exudate may act in an irritating and stimulating 
manner. It is the degree to which this has developed in this case which 
gives rise to any particular comment. 

This case, taken from the routine pathological services of the Infants’ 
and Children’s Hospitals, is a single example of the unusual reaction 
which the tubercle bacillus may cause in the tissues of infants and children. 
Tuberculosis in infancy and childhood does not present the same picture 
as does tuberculosis in adults. For that reason it is perhaps worth 
while to present a summary of the findings in 200 consecutive autopsies 
at the Infants’ Hospital during the past two years. Exactly 40 cases 
exhibiting tuberculous lesions were found, a 20 per cent incidence. 

Further analysis of these figures is of considerable interest. The 
distribution between sexes is practically identical, 19 males and 21 
females. The age incidence is perhaps the most striking feature: 6 cases 
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occurred in children under six months, 11 cases between six and twelve 
months, 18 cases between twelve and fifteen months, and 5 cases from 
sixteen to twenty-four months of age. 

Twenty-nine cases, in my opinion, showed primary lesions in the 
lungs, as evidenced by definite foci of caseation, which appeared of 
longer duration than the mediastinal lymph node involvement which 
was considered secondary. 

Eight cases showed ulcerative lesions of the intestinal tract with 
secondary mesenteric lymph node involvement. Two of these cases 
are included in the group with lung involvement, which appeared to be 
of longer duration. 

Three cases showed miliary tubercles of the meninges without gener- 
alized miliary lesions. No primary focus was found in the lungs or 
intestines, but the mesenteric lymph nodes were involved. These 
suggested a bovine type of infection. 

Two cases showed general miliary lesions but no definite primary 
focus could be found. 

Of the 29 lung lesions, the primary focus as estimated by its gross 
appearance occurred in 12 cases (or 41.4 per cent) in the right upper 
lobe; in 8 cases (or 27.6 per cent) in the right lower lobe; in 4 cases (or 
13.7 per cent) in the left upper lobe; in 3 cases (or 10.4 per cent) in the 
left lower lobe; and 2 cases (or 6.9 per cent) in the right middle lobe. 

Of the intestinal lesions, the lesions occurred only in the ileum in 50 
per cent, or 4 of the cases, in the colon alone in 12.5 per cent or 1 case, 
and in both ileum and colon in 37.5 per cent or 3 cases. 

In all cases of lung involvement, the bronchial lymph node relation- 
ship could be established, the hilum nodes on the side affected being 100 
per cent involved. These figures correspond very closely with those of 
Ghon and Hedren. Similarly, the intestinal lesions showed involvement 
of mesenteric lymph nodes. 

In 18 cases the offending organism was typed by inoculation into 
guinea pigs with secondary inoculation of control guinea pigs and rabbits. 
In 12 cases cultures were obtained. Fifteen of these cases showed 
primary lung foci and in each instance the human organism was found 
to be the etiological agent. The remaining 3 cases were of the bovine 
type as suggested by their marked virulence for both pigs and rabbits. 
Unfortunately, no cultures were obtained. In 2 of these cases, definite 
intestinal lesions were demonstrated. The third case showed marked 
involvement of the mesenteric lymph nodes, but no intestinal lesion 


could be found. 
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These figures are offered in connection with the case, which is being 
reported, in an attempt to emphasize several rather salient facts, none 
of them new, but always in need of repetition. 

The first of these is that tuberculosis in infants is a very common 
disease, a fact which apparently escapes the observation of many prac- 
titioners as evidenced by the various admission diagnoses on the hos- 


pital histories of these cases. 

The second is that tuberculosis is an infectious disease and that 
infants are particularly prone to infection following exposure. As a 
corollary to this, the duty of the family physician in a family where 
tuberculosis exists or is suspected is not confined to the individual, 
but extends to the entire family, especially the children. In commenting 
upon this phase of the tuberculosis problem, attention need only be 
called to the attitude of the Boston Tuberculosis Association, one of 
whose chief aims this year is the establishment of a tuberculous prevento- 
rium for children. 

The third is the fact that bovine tuberculosis is a reality, not a fantasy, 
that it has a definite pathology, and that the boiling or pasteurization 
of milk is the only safe way of handling it for general consumption. 

The scope of this paper does not warrant any further intrusion into 
the clinical, the preventive side, of tuberculosis. From the pathology, 
we are forced to recognize that tuberculosis in infants is an entirely 


different disease from tuberculosis in adults. Its lesions are those of an 
acute infectious disease more of the order of typhoid fever or penumonia. 
From its high incidence we can deduce its tremendous prevalence, the 
lack of immunity in infancy and, with practically a 20 per cent mortality 
in a hospital series of infants under two years due to tuberculosis, the 


need for further preventive measures. 


SUMMARY 


A case of double miliary infection by the human tubercle bacillus in a 
child of eleven years is presented. The outstanding pathological fea- ‘ 
tures of the case are the unusual numbers of organisms which stain 
readily with methylene blue, the two separate and distinct crops of 
miliary lesions, and a peripheral gliosis in the cord and cerebrum. 
The statistics on 200 consecutive autopsies from the Infants’ Hospital 
are reported, showing an incidence of 20 per cent tuberculosis. An 
analysis of these figures follows, showing the distribution of the lesions 
and their significance. 
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Fic. 1. ILLUSTRATES THE DOUBLE INFECTION IN THE LUNGS 


A. New milary tubercles showing tubercle bacilliin clumps (eosin and methylene blue stain). 
B. Old conglomerate miliary tubercle. 


Fic. 2. Ctumpes oF TUBERCLE BACILLI IN MENINGES 
(Eosin and methylene blue stain) 
Fic. 3. TUBERCULOUS MENINGEAL EXUDATE WITH PERIPHERAL CEREBRAL GLIOSIS 


(Phosphotungstic acid-haemotoxylin) 
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OBSERVATIONS ON THE DIAGNOSIS OF ACTIVE 
TUBERCULOSIS IN CHILDREN! 


COLE B. GIBSON anp WILLIAM E. CARROLL 
Meriden State Tuberculosis Sanatorium, Meriden, Connecticut 


That the diagnosis of tuberculosis in children is replete withmany 
interesting phases is evidenced by the amount of medical literature on 
the subject. More especially is this true at the present time, when such 
a great variety of attention is being given to the much discussed theory 
of childhood infection. 

Since July, 1920, when the Meriden State Tuberculosis Sanatorium 
was converted into an institution exclusively for children, we have 
received abundant evidence that tuberculosis is not always self-evident 
in young persons, but on the other hand presents many and varied 
obstacles to diagnosis. These obstacles, however, embody some of the 
most interesting aspects of the tuberculosis problem. They deal with 
infection; they delve into immunology; they point the way for continu- 
ous research; they present varying, ever interesting physical pictures, 
symptom complexes and individual peculiarities. 

Our attention has been centered more especially on two angles of the 
subject, namely, the differential diagnosis, and the question of activity. 
The purpose of this paper is to present our observations along these lines, 
made upon 265 cases admitted in the past seventeen months. 

A statistical study of this series of cases from the viewpoint of diagnosis 
has evolved facts that are of more than passing interest; for such a study 
not only confirms the statement that childhood tuberculosis is difficult 
of diagnosis, but it reveals a few of the conditions that simulate tubercu- 
losis to the extent that such a classification was made before their 
admission here. 

Diagnosis was established by the ordinary routine methods, particular 
stress being laid upon 

1. History 
2. Observation 


1 Read at the Monthly Medical Conference of the Connecticut State Tuberculosis Com- 
mission, at the Meriden State Tuberculosis Sanatorium, November 21, 1921. 
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3. Physical examination 
4, Routine laboratory tests 
5. X-ray examination in indicated cases 
6. Special laboratory procedure in doubtful cases. 
The tabulated results of the findings arrived at by these procedures 
have been divided into the two following classes: 


Class 1 Class 2 
Sixty-eight, or 25.6 per cent, had no One hundred and ninety-seven, or 74.4 
signs of the disease and were classed = per cent, of the cases suffered from 
as nontuberculous. These cases were tuberculosis in some form. These 
diagnosed severally as follows: have been subdivided to show the 
various types of the disease among 
them, as follows: 
Pulmonary, adult type 
Pulmonary, juvenile type 
Glandular, cervical 
Glandular, tracheobronchial 


Pulmonary and glandular 
Pulmonary and bone 


Pulmonary abscess Peritoneal 
Unresolved pneumonia 
Pyogenic osteomyelitis 


Cholecystitis 
Congenital bony malformation 
Rickets 


CLASS 1 


It has been interesting to speculate concerning the 16 cases classed as 
*“No disease:’’ whether or not they were sent to the Sanatorium with a 
diagnosis of active tuberculosis after having had a positive tuberculin 
reaction. _ Certain it is that they presented no signs of any disease when 
admitted here, although every one reacted to tuberculin. 

It will be noted that 12 cases have been classified by us as “ Mal- 
nutrition” and 11 as “Diseased tonsils,” instead of confirmation of their 
admission diagnoses. This was done only after exceedingly careful 
examination and observation, and does.not mean that many of the 
actively tuberculous children did not present these conditions also. 
As a matter of fact, however, those cases classed as malnutrition suffered 
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from deprivation of food rather than from any metabolic or gastrointes- 
tinal disturbance. 

Seven cases were undiagnosed; in the majority of instances, because of 
short residence in the Sanatorium. In at least 3 of these, however, we 
were able definitely to disregard tuberculosis as a diagnosis. 

The remaining cases in class 1 require no further comment, savethat 
in each instance repeated efforts to establish a diagnosis of tuberculosis 
met with failure, and careful attention to detail resulted in the findings 
given above. To avoid confusion, however, it may be stated here as 
above, that although such disorders as rickets, dental caries, asthma, 
etc., were not unusual accompaniments of active tuberculosis in our 
series, those conditions as enumerated in class 1 occurred as such and 
were not coincident with the latter. 


CLASS 2 


It is not considered that the distinction between a juvenile and an adult 
type of pulmonary tuberculosis in children is arbitrary. Our experi- 
ence has convinced us that it is entirely possible for a child to present 
all of the signs of phthisis usually expected in an adult, or to suffer with 
active pulmonary disease without presenting such a definite picture. In 


this connection Cook and Hempelmann (1) have recently studied and 
described carefully a series of cases termed masked juvenile tuberculosis, 
emphasizing by means of clinical findings and the complement fixation 
test, particularly, that such a classification is definitive. 

O’Brien and Ames (2), working in the children’s ward of the Boston 
Consumptive Hospital, have very positively shown by means of physi- 
cal diagnosis, laboratory procedure and X-ray examination, that the 
adult phthisical form of tuberculosis occurs more often in children than 
textbooks lead us to believe. 

Fishberg (3), however, found in his vast experience in tuberculosis 
work not more than 12 cases of pulmonary tuberculosis in children 
from four to twelve years of age. 

Sawyer (4) has reported that in 8000 children under fifteen years 
of age physical examination warranted but 15 positive diagnoses of 
phthisis. 

Our experience has corroborated the results attained by O’Brien 
and Ames (2) for, as shown in the preceding table, we have clinically 
diagnosed phthisis of the adult type in 34 children, out of a total of 
265 cases. The ages of these individuals ranged as follows: 
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In conjunction with the usual evidence of toxemia seen in phthisical 
adults, the physical findings and other evidences which caused us to make 
a classification were as follows: 

1. Impairment of resonance at one or both apices or of greater ex- 
tent, occurred in the entire 34 cases. 

2. Bronchovesicular breathihg at one or both apices or of greater 
extent occurred in all cases. 

3. Crepitations at one or both apices or of greater extent were found 
in 33 cases. 

4, Bronchial breathing over an appreciable area was heard in 17 
cases. 

5. Signs of cavitation were found in 9 cases. 

6. Tubercle bacilli were demonstrated in the sputum of 18 cases. 

7. Roentgenograms demonstrated lung involvement in all cases 
so examined. | 

As we have already noted, 74 cases were classified as pulmonary 
tuberculosis, juveniletype. ‘The age distribution of these individuals was 
as follows: 


The proper typing of these patients was of course attended with some 
difficulty, because many bordered upon the adult class and because of the 
varying degrees of toxemia observed. In general, however, it may be 
stated that the composite picture of these cases was as follows: 


. History of frequent colds 8. Paravertebral or parasternal im- 
. Loss of weight pairment of resonance 

. Night sweats 9. Granular inspiration over one or 
. Fever both apices or in interscapular 
. Asthenia space 

. Anorexia 10. Enlarged tracheobronchial nodes or 
. Positive D’Espine’s sign hilum thickenings evidenced by 

roentgenograms 
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Some of these patients presented all of these signs and symptoms: 
many did not, but study of the individual cases revealed enough of these 
evidences to warrant their classification as already shown. 

Twenty-six cases were diagnosed as tuberculosis of the cervical lymph 
nodes alone, we having been convinced that no other condition such as 
otitis, carious teeth, diseased tonsils, pediculosis, etc., was responsible 
for the adenitis, and that no other tuberculous process was present. 

Physical signs and roentgenograms established the diagnosis of tra- 
cheobronchial adenitis in 23 cases which presented no other signs of 
tuberculosis save the pictures of toxemia already outlined under the 
description of the symptoms of the juvenile type. 

Eight cases were classified as ‘‘ Border line,” in view of the noncon- 
forming physical signs and symptoms in some, and the lack of sufficient 
evidence in others to class them as definitely tuberculous. 

No further remarks concerning the diagnosis in the remaining cases 
need be added, since the procedure for classification was identical with 
that in the cases already mentioned, with such obvious additions and 
modifications as were indicated. 

With the foregoing summarized facts it is clearly demonstrated, as 
we have already stated, that the diagnosis of tuberculosis in children 
is not a subject for dogmatism. ‘This statement is even more definitely 
applicable to the question of activity or active tuberculous disease. 
Unless it be a question of cure, there are probably more divergent opin- 
ions upon this latter subject than upon any other phase of the tuberculo- 
sis problem. Indeed, it has a connection with the cure, for until the 
well-being of the patient is definitely established there must remain some 
active disease. 

It is our belief and understanding that active tuberculosis is invariably 
‘manifested by signs and evidences of bacterial intoxication. As long 
as there is an active tuberculous focus in the body we will discover, if 
properly assiduous, some indication of constitutional toxemia. 

Various means are at our disposal to assist us in authenticating a 
belief that a tuberculous process in a given individual is active or in- 
active. More especially do we depend upon physical diagnosis as one 
of the means. Many rely upon tuberculin reactions to decide the ques- 
tion in children: others have convinced themselves that the complement 
fixation test is very reliable, or that the stabilitary reaction is most exact, 
and still other methods have been reported. 

One of the most interesting procedures of this nature, which has been 
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receiving much attention of late, is the auto-urine test. Wildbolz (5) 
first described this reaction in May, 1919; and since that time he and 
various others have reported further concerning it. In the early part of 
1921 we (6) published our observatious, made upon 40 cases tested by 
this method, and corroborated to a certain extent the findings of the 
originator. 

For the sake of clarity it may be well to state here that those who are 
favorably inclined toward the auto-urine test believe it possible to 
demonstrate the activity of a tuberculous process through the proof 
of antigens in the human urine by means of an allergy reaction of the 
skin. 

Although the technique is more or less familiar to all, a brief descrip- 
tion of the procedure will assist us to present somewhat more clearly our 
supplemental report: 

Morning urine is evaporated to 7 of its volume, to concentrate the 
highly diluted antigens. This is done im vacuo, at a temperature never 
greater than 50°C., to prevent the destruction of these delicate bodies 
by heat. After filtration a minute quantity of this fluid is injected in- 
tracutaneously into the patient’s own skin. At the same time a 
1:1000 solution of tuberculin is injected intracutaneously as is also a 
control fluid made from the urine of a nontuberculous nonreactor. 
If the intracutaneous reaction is positive, it is considered that the 
patient is allergic to tuberculin. If, then, there is an infiltration around 
the site of injection of the auto-urine to the extent of 3 to 5 mm. or 
larger, it is considered positive and indicative of an antigen production 
in the body as a result of an active tuberculous focus. 

Among the cases already enumerated above and classified clinically 
we have used the test on 105 children. We were unable to apply it to all 
included in the series, by reason of death or discharge before the incep- 
tion of the idea, but it is believed that the results which we have obtained 
in this number are sufficiently interesting from both the angle of diagno- 
sis and the question of activity to warrant their presentation. 

That the test has been of value in establishing a definite diagnosis of 
active tuberculosis in certain cases and of great assistance in ruling out 
nontuberculous conditions is clearly shown by a tabulation of the re- 
sults we have obtained with its use. 

Fifty-six cases previously classified clinically, as shown below, reacted 
positively, thus indicating the presence of active tuberculosis. These 
were distributed as follows: 
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Pulmonary tuberculosis, adult type..18 Cervical adenitis...............000. 2 
Pulmonary tuberculosis, juveniletype 18 Bone and pulmonary tuberculosis.... 3 
Tracheobronchial adenitis.......... 3 Peritoneal tuberculosis.............. 1 


It will be noted that 7 cases were included in the list, in which a clinical 
diagnosis of active tuberculous disease had not been made. Further 
examination and study of the 6 cases included under “Border line” 
convinced us that 4 presented sufficient clinical signs to classify them 
as pulmonary tuberculosis, juvenile type, and two were shown to have 
enlargment of the tracheobronchial nodes. The remaining case presented 
no signs of any disorder other than diseased tonsils, and careful search 
failed to reveal any condition which could be definitely termed tubercu- 
lous. 

The test therefore not only corroborated physical findings of activity 
in 98 per cent of cases but brought to light a definite diagnosis in six 
children whose conditions had not been finally decided upon. 

The negative results obtained with this reaction were 49 in number and 
were observed in a rather wide variety of cases classified as follows: 


Inactive pulmonary _ tuberculosis, Unresolved pneumonia............ 1 
Inactive pulmonary tuberculosis, 5 


Mitral 


Congenital bony malformation ...... 1 


With one exception the negative results obtained were not at variance , 
with the opinions reached after clinical examination. This exception 

occurred in the case of a girl who was classified as an active juvenile 
pulmonary tuberculosis who did not react to her own urine. Its injec- 

tion into an allergic known reactor also resulted in a negative finding. 

The percentage of the diagnoses of nontuberculous, conditions in these 

cases which were corroborated by the auto-urine tests was 97.9. 

While it has no definite bearing upon the matter, it may be stated that 
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a large proportion of those cases which had no active tuberculosis, as 
was demonstrated by a negative urine test, did react positively to the 
tuberculin injected at the same time, thus indicating that the children 
had at one time been infected with tubercle bacilli. In fact, the great 
majority of all cases tested with tuberculin indicated that they had at 
some time suffered a tuberculous infection. This was not always true, 
however; for even among the clinically positive cases some were found 
who were anergic or had organic resistance as evidenced by negative 
reactions after the intracutaneous injection of tuberculin. When an 
anergic case was found his urine was injected into an allergic known 
reactor and a positive reaction was considered to be evidence that the 
urine donor harbored an active lesion. 

We failed to observe any fixed relation between the urinary and tuber- 
culin reactions. For instance, it was not uncommon to obtain a very 
large and definite induration around the site of injection of the urine 
and only a mildly positive reaction with tuberculin injected intracu- 
taneously at the same time. 

Nor did there appear to be any connection between the degree of re- 
action to the urine and the amount of clinical activity, for many patients 
who apparently had but slightly active lesions clinically were observed 
to have much larger areas of induration than others who had more defi- 
nite signs of activity. 

It will be noted in 31 nontuberculous cases, enumerated above, that 
tuberculosis was so closely simulated as to cause such. original diagnoses 
to be made, but that the auto-urine reaction assisted markedly in ruling 
out the disease. 

It will be noted further that negative urine reactions were obtained in 
17 cases of inactive tuberculosis of various types. ‘These latter results 
of the test are responsible for the thought that the reaction may have an 
additional value as an indicator for the continuation or cessation of in- 
tensive treatment for a given tuberculous lesion. 

From a survey of our figures we observe that the test has coincided 
with the physical findings in 98.1 per cent of the cases enumerated. 
With such a degree of accurate results, although obtained from among 
a comparatively small number of cases, it is our belief that the auto- 
urine reaction deserves a definite place among the various methods em- 
ployed in the diagnosis of active tuberculous disease. 

That there are several real objections and difficulties connected with 
its use is not to be denied. Primarily, the technique, while not very 
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unusual, is of so tedious a nature and so specific in its purpose as to 
preclude its casual or routine use, not only in private practice and clinics, 
but also in laboratories not specially equipped. The equipment is by 
no means elaborate, but its inclusion among ordinary laboratory ap- 
pliances is not customary. 

Another possible objection to the use of the procedure is the exceedingly 
careful attention to detail required to maintain perfect technique. Our 
observation of the reaction has convinced us that in many cases appar- 
ently slight deviations from the routine originally described by Wildbolz 
(5) have impaired the results of the reaction. 

Both of these objections may be overcome, to a certain extent, more 
readily in a sanatorium, where obviously the test would be of greatest 
importance. 

The reaction may be questioned upon the ground that it is not specific. 
Literature (7) upon the subject, however, informs us that the test is 
negative in the presence of infectious diseases and in various metabolic 
disorders. 

Wildbolz (5) and Lanz (8) have reported a large number of nontuber- 
culous conditions in which repeated negative reactions were obtained. 
In our own series the test was negative in 31 persons who presented 
various diseases. The specific nature of the test is still further demon- 
strated by the fact that an auto-urine reaction area, which has faded 
out, will again become definitely positive if a 1:1000 solution of tuber- 
culin is injected nearby. 


SUMMARY 


Based upon our observations of the auto-urine test, we believe we 
may conclude that, among other favorable indications for its use, the 
following are the more obvious good reasons for its employment: 

1. In the majority of instances it is of real diagnostic and prognostic 
importance. 

2. It is of exceptional value in indicating, for treatment or observa- 
tion, early or masked lesions, in either children or adults. 

3. It assists materially in a children’s sanatorium in standardizing, 
from the viewpoint of diagnosis, the types of cases to be treated. By 
its use we may exclude from an institution devoted to the care of the 
actively diseased not only the pretuberculous or preventorium cases, 
but also those patients who present inactive or healed tuberculous 
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lesions. It also makes possible, by negative findings, the hospitalization 
of patients with nontuberculous conditions, who have been diagnosed 
as tuberculous and thereby deprived of entrance into the ordinary gen- 
eral hospital. 

4, Its use in a sanatorium renders real aid in classifying for discharge 
or further treatment such cases as may be under observation. 

In conclusion, it may be said that although tuberculosis in children 
does present unusual phases and is attended by more or less diagnostic 
difficulty, as we have shown, it is possible to abate to a considerable 
degree these impediments by the use of the auto-urine reaction. For 
while we may not subscribe completely to the enthusiastic description of 
some who have become interested in the subject, we do believe that the 
great value of the reaction is obvious. 
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HELIOTHERAPY IN THE TREATMENT OF LARYNGEAL 
TUBERCULOSIS! 


WILLIAM C. VOORSANGER 


San Francisco, California 


No complication of pulmonary tuberculosis causes quite as much con- 
cern to those called upon to treat this disease as laryngeal involvement. 
Various estimates place the frequency of laryngeal tuberculosis at from 
5 to 50 percent. Thus Barwell found 11.69 per cent among 1541 tuber- 
culous patients; Brandenburg, 9.16 per cent: Hawes, 8 per cent among 
1245 patients; and Dworetsky, 25.6 per cent. It may be assumed that 
one out of every three patients has some laryngeal involvement. 

Figures mean little, particularly where interpretation may differ; and 
therefore it will never be possible to state with accuracy how frequently 
laryngeal tuberculosis occurs. What one observer may diagnose as a 
beginning tuberculous infiltration another may call temporary laryngeal 
congestion. Hoarseness, one of the first symptoms of laryngeal tuber- 
culosis, may be due to irritating secretions, or to pressure of a tuberculous 
lymph node on the recurrent laryngeal nerve, or even to local congestion 
from excessive coughing. We often see reddened, swollen arytenoids 
which are purely inflammatory and which subside under “‘silent” treat- 
ment. ‘These nontuberculous inflammatory conditions of the larynx 
should be placed in a class by themselves and not be used to increase the 
statistical percentage of laryngeal tuberculosis. 

However, all who take care of many patients in tuberculosis institu- 
tions will agree that laryneal tuberculosis is an ever-present complication 
in aJl its forms, from beginning swelling or infiltration to advanced ulcera- 
tion and necrosis. 

It has taken many years to convince themedical profession, and partic- 
ularly the laryngologist, that laryngeal tuberculosis is merely a complica- 
tion of pulmonary tuberculosis, and that local treatment of an ulcer or 
infiltration will accomplish as much permanent good as removing the 
membrane from a diphtheritic throat in the hope that the external treat- 


1 Read before the California State Tuberculosis Association, at its annual meeting at 
Oakland, February 3, 1922. From the Oaks Sanitarium, Los Gatos, California. 
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ment will cure the internal disease. There can be only one excuse for 
direct application to a tuberculous larynx, namely, obstructive swelling, 
where the patient will either starve to death or choke. Wherever this 
becomes necessary it means only temporary relief and a hopeless, 
incurable condition for the patient. 

’ Much irreparable damage has been done through cauterization of small 
ulcers or local application to swollen arytenoids. It must be remem- 
bered that destroyed tissue always leaves a scar and that the cauteriza- 
tion of an ulcer often causes destruction of a vocal cord or sufficient 
cicatrization to prevent proper phonation, even if the diseased process is 
rendered inactive. In a case which will be reported in full later, I will 
show that by means of heliotherapy all active disease was eradicated 
but the patient never could speak above a whisper. It is more than 
plausible that the six months of local applications and cauterization 
received by him previously had caused so much cicatrization that al- 
though the disease was rendered quiescent, restitution of vocal cords ad 
integram was impossible. I hope to prove by a recital of cases and per- 
sonal experience the old hackneyed truth that laryngeal tuberculosis is 
never primary and any method which will helptoarrest pulmonary tuber- 
culosis should be applicable to any of its complications. I cannot too 
often or too strongly emphasize that laryngeal tuberculosis must not be 
treated by the laryngologist. It may be diagnosed and observed by 
him, if you like, but not treated. I make this statement in no spirit of 
criticism, but only with the hope of obtaining codperation between 
laryngologist, internist and phthisiotherapeutist, to the advantage of 
the sufferer from laryngeal tuberculosis. 

In the brief time allotted I cannot recount the numerous methods 
which have been tried either for the arrest or alleviation of tuberculous 
laryngitis. It has been often contended that tuberculous laryngitis 
which has progressed to ulceration cannot get well. Consequently,. we 
have too often contented ourselves with ameliorating symptoms. We 
used to do this with all forms of tuberculosis. However, patients do not 
want to die and much less do they wish to suffer; consequently, we must 
try remedies as they come to light, in the hope that some time one will 
prove specific. Orthoform insufflation for many years held sway as the 
only means of alleviating pain in tuberculous laryngitis; then came 
anesthesin and alcohol injections, causing direct pressure on the superior 
laryngeal nerve. For a long time this last method held out hope, be- 
cause if pain could be stopped for days or weeks with one treatment the 
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patient could have his nourishment maintained, resistance built up and 
perhaps his process eventually arresed. We know this method has 
failed, because in most cases its effect is very temporary and often irrita- 
ting if not properly applied. Tuberculin has often caused arrest in begin- 
ning laryngeal infiltration. Personally, I have never seen tuberculin 
accomplish a result where ulceration was advanced or where cord de- 
struction had taken place. Ido believe, however, that where the patient 
has not too advanced pulmonary tuberculosis, tuberculin should be 
tried for a laryngeal complication. Cauterization or irritating applica- 
tions to a layrnx should never be used, except as mentioned above, 
namely, to save a patient from actual starvation or choking. 

We could hardly introduce the subject of heliotherapy without the 
brief introduction just recited, because we wish to prove that practically 
every other method has been ineffectual in handling tuberculous 
laryngitis. 

Heliotherapy isnotnew. Mills and Forster in their paper (AMERICAN 
REVIEW OF TUBERCULOSIS, 1919) recount the efforts of Joseph Sorgo in 
1904, at Davos, with a system of mirrors for reflecting the rays of the 
sun directly upon the larynx. Previous to 1904, sporadic attempts had 
been made to direct sunlight into the throat or to the neck, by means of 
an ordinary mirror, The success of Rollier and others in the treatment 
of joint, bone, skin and lymphatic tuberculosis with sunlight naturally 
revived interest in its direct application to the larynx. We have all 
known for many years that sunlight could be directed into the larynx 
by an ordinary laryngoscope. This method was dropped, however, 
because the heat from this sort of mirror became very intense after a short 
period. The hyperemia which ensued would often cause more distress 
than suffered previously. Hyperemia also prevents the absorption of 
the shorter or ultraviolet rays of the spectrum which are the ones sup- 
posed to yield therapeutic results. 

The writer first became interested in the use of reflected sunlight to 
the larynx by hearing Forster’s report, at the meeting of the National 
Tuberculosis Association in 1918, of cases treated with an apparatus 
invented by Mr. Frank Verba, a patient at Colorado Springs. 

Forster at this time reported 7 cases, of which 5 showed marked im- 
provement. Subsequently, a visit to Colorado Springs and a personal 
examination of Mr. Verba’s layrnx, as well as his apparatus, convinced 
me that he had not only cured his own laryngitis, but had devised a 
mgethod for reflecting condensed sunlight far ahead of any other one in 
use. 
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The apparatus is simple, consisting of a fairly large oval mirror, to 
enable the patient to observe what he is doing, a composition reflector 
(made of aluminum and magnesium) of the same diameter, upon which 
the sunlight is reflected, and a laryngeal composition “mirror” by means 
of which the sunlight is directed into the larynx. The apparatus is 
attached to the back of a chair, the patient straddles the latter with the 
sun to his back and in this position is taught the use of the metallic 
laryngoscope. He soon becomes quite proficient in its use, can observe 
his own larynx, and rapidly overcome the tendency to gag. A full 
discription of this apparatus can be found in the January number, 1919, 
AMERICAN REVIEW OF TUBERCULOSIS. I consider it a real contribution 
to the treatment of tuberculous laryngitis. It was found that the alloy 
used in the reflector and laryngoscope “‘would reflect a very high per- 
centage of the ultraviolet rays and at the same time absorb many of the 
heat rays, just as the reverse is true of glass mirrors. The substitution 
of metallic for glass mirrors also removed the objection made by Janssen 
to the use of a concave mirror, that the concentration of heat rays pro- 
duced a harmful hyperemia.”” We can verify this statement made by 
Forster. We have never seen any injurious or painful hyperemia from 
the use of the metallic mirror. 

The patient, after having the apparatus demonstrated and placed in 
position, is taught the use of the laryngoscope, which must be dipped in 
hot water from time to time, exactly as with the ordinary laryngoscopic 
mirror. The metallic condensing mirror and the glass observation mirror 
are adjustable, and can be moved at the patient’s convenience. Having 
been instructed in the mechanics of the laryngoscope, the patient at the 
first treatment is allowed a few seconds of sunlight. Afterwards the 
time is increased every day until he is directing sunlight into his larynx 
for ten minutes at least once, and in some cases twice a day. This time 
may be increased; and often, when this period is extended to twenty 
minutes or half an hour, hyperemia ensues. The latter disappears, 
however, in a short time without causing pain. I have one patient who 
uses the reflector a half-hour daily without any hyperemia occurring. 
To date I have used this method on 7 cases. I regret that I did not 
employ it in every case of tuberculous laryngitis seen in the past three 
years. Until recently I hesitated to use it on the far advanced case, 
realizing that arrest was impossible. It is, however, of immense value 
in the late ulcerative cases, because it invariably relieves pain and per- 
mits the patient to swallow. Thus he can be nourished and also made 


5 
H 
i 
e 


HELIOTHERAPY IN LARYNGEAL TUBERCULOSIS 227 


comfortable. In fact, one of the best effects of laryngeal heliotherapy is 
the alleviation of pain; and with the metallic laryngoscope this is achieved 
after the first few treatments. Of the 7 cases treated, 2 which will be 
reported acquired complete arrest of the tuberculous involvement, 3 are 
still under observation although improving, and 2 left the Sanitarium 
improved, but before a definite result could be obtained. I report two 
of these cases because both had advanced to ulceration, one with com- 
plete destruction of the right cord and lost phonation, and in both the 
results were excellent. 


Case 1. Male, age twenty-six, dentist, came from Dublin, Ireland, to Cali- 
fornia upon the advice of his own physician, who treated his larynx with 
cauterization for six months. Upon first examination an unquestionably fatal 
prognosis was given in this case. He had lost 25 pounds, he could not swallow 
any food or liquid without pain, his afternoon temperature was 100° to 101°, 
and examination of his larynx showed a total destruction of the right cord, 
marked ulceration and almost total destruction of left cord, and swelling 
around the epiglottis,—in fact the larynx was a thickened swollen mass with 
no cords. His lungs showed involvement of both upper lobes. He naturally 
could not phonate above a whisper. The patient, not wishing to return home 
without some attempt being made to treat him, was admitted to the Sani- 
tariurn and put to bed upon “silent” treatment, and the use of solar laryn- 
goscope. Having an expert knowledge of the use of the ordinary laryngo- 
scope, the patient needed but little instruction. He began with a few seconds 
daily, and gradually increased the interval to ten minutes twice daily. The 
result in this case was most excellent. After six months of conscientious 
heliotherapy, plus his initial six weeks of absolutely “silent” treatment, the 
patient had gained 15 pounds, had no pain (in fact this symptom disappeared 
after the first few weeks of treatment),could eat any article of food, and felt 
strong and well. The larynx, according to our observation and that of the 
patient’s laryngologist, Dr. F. J. S. Conlan of San Francisco, was completely 
healed. Where vocal cords had once been, one could see thin white strands, 
as though some regeneration had taken place. The patient naturally never 
regained his full voice. At the present time, to the best of my knowledge, 
this patient’s condition is still arrested. I attribute the healing in this case 
to heliotheraphy, and believe that had it been attempted before cauterization 
the patient would not only be well but also have his voice. In place of vocal 
cords he has scar tissue. 


Case 2. A young married woman who had been treated for eight months 
with local applications to larynx. She could not phonate normally, both 
cords and arytenoids were infiltrated, the right cord showed some ulceration, 
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and swallowing was very painful. After the first few treatments with the 
metallic laryngoscope, pain ceased and she began to eat well. After seven 
months this patient has gained 18 pounds, her vocal cords have entirely 
recovered, her voice is clear, and in every way one can call this an arrested 
tuberculous larynx. The patient is still under treatment for an active lesion 
of the right lung, which should in a short time become quiescent. 


I have quoted these two cases in some detail, as examples of the failure 
of the usual local laryngological applications and of the success of re- 
flected sunlight. Of course, it will be interesting to observe whether 
these results will be permanent. My own experience is too brief to 
venture an opinion, and I have seen no report on cases several years 
after initial arrest. I see no reason, however, why, if the pulmonary 
condition remains arrested, the larynx should not do likewise. However, 
even a temporary result in otherwise hopeless laryngeal cases must 
certainly be considered a therapeutic step forward. 


CONCLUSION 


There has been no attempt in this brief paper to bring out any new idea 
or new method of treatment. Heliotherapy is now a quite well-estab- 
lished therapeutic measure in tuberculosis. We wish merely, by a re- 
counting of personal experience, to emphasize its value in the treatment 
of laryngeal tuberculosis, particularly in the infiltrative and mild ulcera- 
tive stages where, if carried out conscientiously for a period of six months, 
complete arrest is possible. One of the greatest benefits of heliotherapy 
is the alleviation of pain, especially in hopeless cases. 

The solar therapeutic laryngoscope of composition metal has put an 
apparatus at our disposal which materially increases the efficacy the 
application of sunlight to the larynx, in that it permits protracted 
exposure without causing painful hyperemia. 
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THE PREVENTION OF TUBERCULOSIS 


THEORY AND POSSIBILITIES 
DWIGHT M. LEWIS 


New Haven, Connecticut 


From whatever angle presented, working theories of the prevention of 
tuberculosis of the past and the present alike are based on tuberculosis 
being an entity. The enquiring mind watching the discard of practi- 
cally all parts of the propaganda in the conquest of the disease can see 
as little real advance with each present day problem presented as the 
essential. There would seem to have been missed those factors which 
are, and have been, a part of practically all the working theories but 
never, so to speak, synthesized. 

Two facts would seem well established; first, that pathology shows 
that practically everyone has the opportunity to contract the disease 
during childhood, and secondly, also a fact gained from pathology, 
that in the main the disease is easily resisted and overcome. 

A study of the vital statistics of cities generally over this country dur- 
ing 1918 showed that there was a sharp rise in the mortality from pul- 
monary tuberculosis during certain months of the spring season, the 
month and the rate varying in cities and states, yet very definitely 
similar, by rate and month, to increased waves of influenza and pneu- 
monia mortality rates (1). An epidemiological finding during the course 
of study of field control of the communicable diseases had been that 
tuberculous meningitis was referable to immediately preceding epidemic 
measles and that the vital statistics of metropolitan cities showed con- 
firmatory high peaks of both diseases that could be correlated (2). A 
previous study of the epidemiology of the so called streptococcal grippe 
had shown the possibility of its being an activator and a complicator of 
tuberculosis (3). Brownlee has shown in his investigation of the disease 
in Great Britain and Ireland that the relation of the mortality rate and 
the general death rate at any one period, 1911-1914 for example, was 
the exact picture of a similar period fifty years previously (4). Pearl 
in his recent studies on influenza has shown a high correlation value 
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between mortality from tuberculosis and the epidemic mortality rate 
from influenza (5). Recently there is confirmation of the synonymous 
waves of mortality from tuberculosis and influenza during March and 
October, 1918, and again in February, 1920, it being stated that unques- 
tionably the influenza was the causative agent (6). 

Yet, when deductions are drawn from the observations thus made, 
conclusions are deduced as cloud the issue. Brownlee (4) correlates 
the varying age mortalities with the amount of infected tuberculous 
milk and reaches the conclusion that there are two different kinds of 
tubercle bacilli of human origin. The last named article (6), affirming 
epidemic influenza as the cause of the increased mortality from tuberculo- 
sis during 1918 and 1920, states that the increase during 1916-1917 
remains obscure. It further states that the absence of evidence that 
mortality from nonpulmonary tuberculosis was increased by the influ- 
enza epidemic points to a real decline in the destructiveness of the tuber- 
cle bacillus. ‘These conflicting statements are clarified if we correlate 
the varying age tuberculosis mortalities, pulmonary in character, with the 
respiratory diseases, measles and influenza mainly as we have stated 
(and others have shown chicken pox as well), activating both bovine 
and human tubercle bacilli. Measles epidemics and increasing in- 
fluenza of 1916-1917, general-the country over as shown by vital statis- 
tics, can correlate the obscure rise of pulmonary tuberculosis of those 
years: and measles epidemics of those years the high nonpulmonary rate 
of 1917 and the low one of 1918-1919. Vital statistics of states and 
cities of this country as well as those of Great Britain show the same 
rises of mortality during epidemics and frequencies of influenza, namely, 
1864-1865, 1891-1893, 1906, 1911, and 1916-1918. Absence of the 
similar sharpness of peaks during the earlier periods would seem to lie 
in the excessive heights of the filth disease mortalities. One of the best 
tables showing the possible interrelation of the common infectious 
diseases, epidemic diarrhea, and the respiratory diseases with tuberculo- 
sis, may be read in Brownlee’s monograph (4), in a study of the records 
of Finsbury, Hampstead and Lewisham, three of the twenty-eight Lon- 
don boroughs. Sir George Newman, in his monograph on The Practice 
of Preventive Medicine, gives even more extentive data on these boroughs 
into which the same apparent relationship may be read. 

In the main, then, we return to the theory of Hazen that the installa- 
tion of pure water supplies has decreased tuberculosis and other diseases 
as well as typhoid fever. There is much food for thought that the 
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reduction in death rate under age 5 has been shown to be 83 per 100,000 
population with the installation of pure water, as contrasted with but 
5 where no such installation has been enforced; we return to the plea 
that vaccination against typhoid obscures the possibility of concurrent 
prevention of mortality from infant diarrhea as well as by sanitation: we 
return to the historical fact of Watt that subjection of smallpox replaced 
its mortality with an increased one from measles. 

Intensive survey work in rural counties has shown me yearly mor- 
tality rates from pulmonary tuberculosis, varying from 20 to 60 per 
100,000 population; and a usual absence of mortality from tuberculous 
meningitis save during epidemics of measles, and then only where there 
are deaths from bronchopneumonia. Low rates from respiratory diseases 
of rural areas are approximated by the isolation of the tuberculosis 
sanatoria. Of an excess of 7,000 children in rural areas examined, I 
saw but two instances of tuberculosis of the hip and but a single instance 
of the ordinary cervical node enlargment which leads one to say, “‘proba- 
bly tuberculous.” Regarding pulmonary tuberculosis in rural areas, 


I was as much impressed with what might be found in the infected or in 
the susceptible contacts. Defects of nasopharynx, mainly those of 
extreme hypertrophied tonsils with repeated acute infections, seemed 


reasonably causal of the pretuberculous stage among children just before 
beginning puberty where the family history was of deaths from “ gallop- 
ing consumption” during early puberty in three others of the immediate 
family. Adenoids and diseased tonsils in children around the age of 6, 
with localized areas of bronchitis evidently streptococcal, and the history 
of the mother dying from consumption, was reason for advisement against 
operation by the family physician. Immediate operation cleared up 
the localized bronchitis and an increasingly normal metabolism and 
development resulted. 

The query seems pertinent: Have we sufficiently studied the influence 
of respiratory and filth-borne disease on both bovine and human tuber- 
culosis types, and have we as well studied the relation of the predomin- 
ant defects of the upper respiratory tract, the nasopharynx, in their 
relation to the respiratory diseases, tuberculosis included, and possibly 
interrelated? For example, we do not know the pathogenic power of 
the tubercle bacillus in the normal nose-breather with sound defensive 
drainage system of nasopharynx as contrasted with that of the bacillus 
in the mouth-breather and his varying defective drainage system, de- 
fective lung aeration, and perversions of body metabolism as well. 
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Are not these two factors, interrelated respiratory disease and defects of 
nasopharynx, at basis the causative factors of all preventive measures 
ever advanced, but never fully synthesized among all measures advanced 
and all results gained? 

In sum, it would seem evident that tuberculosis, whether bovine or 
human in type, is alike gained for the most part during early childhood: 
that either type may be activated and reactivated by all forms of patho- 
genic microérganisms: and that the balance or resistance of the infected 
individual is measured by the defects of the individual in their relation 
to air and food metabolism, Such factors have ever been submerged 
in the various theories of attack on prevention. Prevention has been 
accomplished by prevention of the activation of the tubercle bacillus 
by uncontaminated water and protection against filth-borne diseases 
like hookworm infection. The subjection of recurring cyclic frequencies 
of respiratory diseases, notably through the streptococcus, alike the 
activator and complicator or those specific diseases as well as tuberculosis, 
and the correction of anatomical defects of human beings are further 
essential factors. As evidenced by epidemiology and vital statistics, 
the path of the many into the one and the one into the many of Aristotle 
takes direct cognizance not of the tubercle bacillus only as the path, but 
rather as one of the many in the direct prevention of tuberculosis. 
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A FEW OBSERVATIONS ON IMMUNITY TO 
TUBERCULOSIS! 


ALLEN K. KRAUSE 


From the Kenneth Dows Tuberculosis Research Fund, of the Medical Clinic of the Johns Hopkins 
University and Hospital 


Fifty or more types of acid-fast bacteria have been described. Several 
will bring about progressive disease in animals: they are accordingly 
called pathogenic or virulent. The greater number will not flourish at 
the expense of the animal economy: these are known as nonpathogenic or 
avirulent acid-fast bacilli. 

Strictly speaking, the term nonpathogenic is a misnomer for the latter. 
All of them will provoke tissue change; and that this is not a mere foreign 
body reaction, comparable in every respect to that induced by such ob- 
jects as grains of sand or strands of fibre, etc., is indicated by the circum- 
stance that they render. animals allergic to them and their congeners 
and stimulate the production of immune bodies—precipitins, agglutinins, 
complement-fixing substances, and what not. They arouse tissue re- 
action—lesion, if you will. They are therefore pathogenic to the extent 
that they set up pathological changes in the animal body. Nevertheless, 
their capacity of life and growth and multiplication in the body is slight; 
and, if we take these attributes of the virulent tubercle bacilli as our 
gauge or norm of parasitism, we come to the opinion that the parasitism 
of the nonpathogenic acid-fasts is negligible or even nonexistent. 

Virulence, of course, is always a complementary concept. There can 
be no virulence of germ without a corresponding susceptibility of animal. 
When several members of the same animal species differ in reactivity 
to similar infections with the same strain of microédrganism, we are 
likely to think in terms of susceptibility (resistance). When the same 
animal, under identical conditions of infection, responds in variable 
manner to several different types of germ we interpret the result in the 
language of virulence. Nevertheless, in either case, the event is deter- 
mined by the interplay of two forces, one of the infecting agent and one 
of the host, which in every particular instance will act by summation or 


1 Read before the Association of American Physicians, Washington, D. C., May 4, 1922. 
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in opposition. To be intelligible in any discussion of resistance or 
immunity one must present the case from the point of view of a single 
participant—either germ or recipient—in the infection: any other 
method of treatment courts confusion. It is, therefore, the author’s 
desire to being forward a few observations by way of a very partial 
analysis of resistance to tuberculosis from the point of view of the host. 
This short paper aims to raise a few questions, and to settle none. 

Since 1900 events in the tuberculosis immunology field have crowded 
fast. It is just nineteen years since Trudeau exhibited his specimens to 
this Association in Washington and brought forward at the same time 
his brilliant proof that small animals can be made specifically over- 
resistant to tuberculous infection. Trudeau’s almost apologetic re- 
marks about an acquired immunity coming into play in tuberculosis are 
illuminating as regards the general opinion of the time on tuberculo- 
immunity. Since then the latter’s actuality has been abundantly demon- 
strated ;—with a finality that the humblest and least professional worker 
in tuberculosis takes it as a matter of course. Yet its nature and modus 
operandi remain as obscure as ever. 

The practice of inoculation of animals with all types of acid-fast 
bacilli brings to light features of body response which take place with 
such uniformity that the observer may well speculate on their part in 
the process of resisting infection,—in establishing or contributing to the 
virulence of infecting agent, in other words. 

The experimenter learns that the native reaction of susceptible animals 
to first infection with virulent acid-fast bacteria, tubercle bacilli, is 
slow and that the infectious process evolves indolently in the body, as 
the animal remains meanwhile in normal health. It is uncommon to 
discover visible evidences of infection during the first ten days after the 
application of even large numbers of tubercle bacilli. Noticeable 
illness will begin only after two or three or more weeks, after disease is 
well established. Yet these are the nonimmune animals. The event 
will show them succumbing to their infection, which will have become 
extensive and widely disseminated. The prominent more obvious re- 
sults of first infection with virulent bacilli are a sluggish tissue response, 
proceeding lazily for a while without functional disturbance of the animal, 
yet with a progressiveness which continues to the point of fatality. 

When infected, immune animals behave in a totally different manner. 
In their case infection means reinfection, inasmuch as specific immunity 
is created only by earlier infection. The inoculation of virulent tubercle 
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bacilli will precipitate an immediate tissue response on the part of the 
immune animal. Within a few hours the points of bacillary focalization 
become inflamed, to a degree that varies with the allergy of the animal 
and the numbers of bacilli concerned, to a degree also that can comprise 
every gradation from transient congestion to rapid hemorrhagic necrosis 
with later loss of tissue. At the same time the animal becomes rapidly 
and acutely ill. If it survives this illness which usually begins a few 
hours after infection, the inflammatory reactions subside and, in those 
places where bacilli remain, real tubercular changes with a proliferative 
character come to light with much greater rapidity of origin and evolution 
than is to be found in animals which labor under a first infection. 

Yet these immune animals will not die of tuberculosis. Tubercle 
will develop rapidly and retrogress. Ulcerations may occur, but they 
will heal. After the first dissemination of bacilli along the avenues open 
to the point of inoculation, there is but slight tendency for them to 
spread further. 

There is a wealth of information to be had from close attention to 
details of the immune reaction. Some of it may contribute to a better 
clinical understanding of the disease. Of great importance is the part 
played by the immune state in the symptomatology of tuberculosis. In 
the animal of experiment it is always the immune animal which, short 
of the cachetic and agonal stage, exhibits the stormy or profoundly ill, 
acute tuberculosis; never the animal infected for the first time, no matter 
how large or virulent the dose or how inoculated. We can hold no other 
opinion than that it is thus ill because of its immunity, of its increased 
resistance to infection. And we must take the same view of the man 
acutely ill with tuberculosis: the man struck down with pleurisy with 
effusion or tuberculous pneumonia or generalized miliary disease is 
“going bad” not because, as many clinicians have learned to say, his 
resistance is low, but because he is an immune animal that has suffered 
reinfection. In the laboratory, if we wish to keep our immune animals 
for prolonged observation, we may not give them large reinfecting doses; 
for they will then become so ill that they are likely to die within a day or 
two. Yet the survivors who do pull through their acute illness will as 
a rule resist their reinfection well. The pathologist must interpret things 
by the issue of events: he must therefore call such animals highly resist- 
ant. The clinician has only too often been accustomed to regard re- 
sistance from the point of view of severity of a patient’s illness, and has 
therefore thought of the sicker patient as the less resistant person. If 
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we are eager for precise concepts and accurate statement of them, there 
can be little doubt that the clinician has in regard to tuberculosis been 
frequently in error. 

The immune reaction throws out the hint that an increased resistance 
to tuberculous infection which, after all, means largely a lowered sus- 
ceptibility to disseminated focalization of bacilli, may be accomplished 
through the rapidity and vigor of tissue reaction which are prominent 
attributes of the immune state and which would presumably operate 
in a way that favored earlier and more complete localization (limitation) 
and destruction of bacilli. 

We may now examine several characteristics of body response to 
nonpathogenic acid-fast bacilli. We have been describing a reaction of 
acquired increased resistance to infection. That to nonpathogenic acid- 
fasts is one of native or congenital (species) immunity. 

The inoculation of nonpathogenic acid-fast bacteria into normal 
animals is followed by rapid response on the part of the tissues. Effects 
such as local swelling, and bubo of regional lymph nodes, are usually 
visible in from four to five days after inoculation, and may appear within 
two days. The lesion is more inflammatory (exudative) than that which 
results from first infection with tubercle bacilli. It quickly reaches its 
acme,—as a rule within a week or ten days, and by the end of two to three 
weeks it has diasppeared and the part has returned to normal. 

What seems significant is that the native reaction of tissues to non- 
pathogenic acid-fast bacilli resembles superficially and in broad outline 
the response of immune animals to virulent acid-fast bacilli. It is 
similar to the latter in that it is comparatively rapid and that inflam- 
matory features are likely to predominate over proliferative ones. We 
call ‘the microérganisms nonpathogenic, yet the congenital response of 
the body to them is much more marked and active than is that to so called 
virulent bacteria, the tubercle bacilli. 

Is it possible that animals are natively immune to the nonpathogenic 
acid-fasts because of their inherent vigor of reacting capacity to them? 
Or are they natively susceptible to virulent tubercle bacilli because their 
tissues are congenitally incapable of meeting first infection with the 
promptness that is nesessary to localize the germs within narrow limits 
and prevent a decisive multiplication of the latter? After infection 
with virulent bacilli they become relatively resistant; but that is after 
their bodies have taken on new powers, after their tissues have been 
trained, as it were, to react with celerity to fresh bacillary invasions and 
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to substitute, in a measure, the speed of exudative response for the 
leisureliness of proliferation. 

The point which is raised may seem paradoxical. Yet, in outline and 
with necessary disregard of quantitative relations which always bulk 
large in determining the end result of any infection, the case exists as 
stated. And in recapitulation it is this: To microérganisms which we 
call avirulent the tissues react initially with comparative vigor, and, 
although there is a transient pathological result, no infection in a true 
sense eventuates. On the other hand, to those bacteria which we desig- 
nate as virulent the tissues react at first indolently and with few or no 
evidences of change; and the germs maintain themselves in the tissues 
and “take hold” and we have a true and lasting infection. After in- 
fection by virulent bacilli is established the tissues take on new powers 
of reaction, which, broadly speaking, consist in a marked exaltation and 
enhancement of their native qualities; and through these they become 
relatively immune—or, to reverse the point of view, virulent bacilli are 
now relatively nonpathogenic for them. ‘The real tuberculosis “case” 
begins only with the establishment of the immune state, not with the 
fading of resistance. The immune state is at bottom conservative, 
but through and because of it all types of tissue changes, to the point of 
tissue destruction, may occur. The immune state is notoriously lavish 
in its response to stimulation—to new goads by antigen. On occasion, 
it may overdo: it may pour out much more effusion than is necessary to 
combat a pleural reinfection or bacilli aspirated into midlung from an 
apical focus or focalization at points in the meninges: it may thus 
endanger or blot out the life of the body which its reaction is designed 
to preserve from bacillary invasion. 

At the same time there recurs the question which may be phrased in 
this way: Tissue reaction in some degree is necessary to the origin and 
development of acid-fast infection. With this postulate granted, is it 
possible that the quality of virulence of germ is proportionate inversely 
to the ability of tissues to react to it? 


EDITORIAL 
THE HEALING AND DISAPPEARANCE OF TUBERCLE 


The article by Gardner which appears in this issue! is important because 
it calls attention to the fact that specific tuberculous changes, ofa prolifera- 
tive character, can resolve, heal and disappear. It is important because 
there exists a certain rigidity of opinion to the contary, which, while ad- 
mitting the healing of tubercle, insists that the latter must leave its scar. 

That healed tubercle does frequently grave a permanent record in once 
infected tissues is sound pathological doctrine, but that it always does so 
is not borne out by facts, clinical or experimental. It would seem that 
Gardner is perhaps too timid in not putting forward the opinion that 
complete obliteration of tubercle is a common event: his specifiic limita- 
tion of the phenomenon to the changes brought about by weakly virulent 
bacilli suggests an ultraconservatism. Yet several well established data 
would leave little room to doubt that the process which he describes goes 
on irrespective of high or low invasiveness of germ. 

The well known observations of surgeons on the later history of patients 
“explored” for tuberculous peritonitis have lost their rarity. Scores 
have performed a second laparotomy on patients, to find perfectly smooth 
and normal peritoneal membranes where discrete, miliary tubercles stud- 
ded the surfaces only a few months or several years before. Their expe- 
rience has long prompted the question of why tuberculosis does not 
disappear similarly in other places and erected the presumption that it 
does clear up completely. 

No better demonstration of the proof of perfect restitutio ad integram 
can be furnished than that presented by carefully planned and serially 
prosecuted immunity experiments. If, for instance, immunized rabbits 
are subjected to virulent inoculation of sufficient dosage and members of 
the series are killed and examined from time to time, events will succeed 
one another something as follows: 

In response to virulent inoculation, tuberculous changes will appear 
early in the lungs and will develop rapidly. Animals, at four to six 


1 Healing by resolution in experimental pulmonary tuberculosis. Amer. Rev. Tuberc., 


1922, vi, 163. 
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weeks after inoculation, will suffer from widespread pulmonary changes, 
which embrace, besides characteristic morphological tubercle, large 
confluent areas of consolidation, opaque and homogeneous, and, to all 
appearance, caseous. But, as time goes on, the members of the series 
which come to autopsy later will present clearer and clearer lungs. The 
disappearance of lesion which can occur is little short of amazing: in fact, 
six months or more after inoculation one will not unlikely find only occa- 
sional and widely scattered discrete tubercle, with the rest of the lung, 
which appeared highly diseased in every rabbit observed earlier, now 
entirely normal. If the writer is not mistaken, Trudeau observed 
essentially the same evolution, retrogression and disappearance, without 
scar, of ocular tubercles in rabbits, which he had “reacted’’ with tuberculin. 

One gets an impression from not a few roentgenologists that one criteri- 
on of diagnosis of tuberculosis is a certain fixity and persistence of 
shadow. ‘The writer has long thought that more careful, prolonged and 
repeated X-ray observation of known tuberculous cases would reveal a 
significant number in which increased densities, indubitably tuberculous, 
gradually faded out of the picture. Amberson’s work of a year ago* has 
strengthened this opinion. The writer recalls a case, lately recounted to 
him by one of our leading phthisiotherapeutists, of a woman proved to 
have active tuberculosis who, during the course of treatment, became 
acutely ill. X-ray examination brought to light miliary stippling of a 
lung where it had not existed before. The woman recovered, and with 
convalescence all shadows of pulmonary miliary involvement disappeared. 

The above remarks have taken account only of what we must consider 
relatively extensive changes. We believe that close observation would 
prove that they are wiped out completelyin moreinstances than wearenow 
accustomed to think likely. Enough has been said, however, to suggest 
what is very likely happening to the minor tuberculous changes which 
sooner or lated engraft themselves on all of us. The probabilities of the 
case are all in favor of the idea that a respectable—we will not say a 
major—proportion of slight infections retire from the scene without 
leaving a trace of former activity. If this is true, then certain current 
doctrines of an early and lifelong immunization of the race and of adult 
phthisiogenesis must, if they are to serve for the generality of mankind, 
be so profoundly modified as to lose much of their force. 


2 The roentgenographic pathology of pulmonary tuberculosis, including a description 
of tissue changes as revealed by serial stereograms and a critical study of the clinical 
bearings of the mutations of destruction and repair. Amer. Rev. Tuberc., 1921, v, i. 
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It is, of course, conceivable, and not improbable, that the anatomic 
changes of tuberculosis may subside, yet leave a microscopic scar. 
However, this is not to the point. If it were maintained that in every 
instance at least a microscopic scar persisted, it would be a fair 
assumption that a vast number of these would become completely steri- 
lized and, therefore, incapable of continuing immunity and allergy. 
At the same time, it is the gross visible changes, not the microscopic, 
on which roentgenographic and, as a rule, autopsy estimations (diag- 
noses) are made. Microscopic scars, if they occur, may be of interest 
to the student of the evolution and retrogression of tuberculosis, but 
for practical purposes they are in many instances, of no more impor- 
tance than if they were nonexistent. 

A.K. K. 
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THE POWER OF THE SPIRIT 
PRESIDENTIAL ADDRESS! 
JAMES ALEXANDER MILLER 


The great honor which this Association bestowed upon me in electing 
me its President carries with it the privilege and responsibility of ad- 
dressing you upon matters of general concern to our organization. 

I approach the task, as I accepted the office at your hands last year, 
with a deep sense of my own inadequacy combined with a sincere hope 
to render some service toward the furtherance of the splendid under- 
taking in which we are joined. 

I had previously had the opportunity to know something of the 
general workings of this Association, but this year of special service and 
responsibility has given me a fuller understanding of its activities which 
leaves me astonished at its accomplishments and profoundly impressed 
by the efficiency with which the Association has been developed and 
conducted under the leadership of our Managing Director, Doctor 
Hatfield. My personal gratification, as well as a sense of common 
justice, renders it impossible to pass unexpressed my sincere conviction 
that the great success which our Association has attained is due mainly 
to the unremitting devotion to and the efficient and skilful administra- 
tion of its activities by the permanent executive staff. 

As a result, I am able to report to you that the affairs of the Associa- 
tion have never been in better condition than at present and that the 
prospects for continued success in our nationally organized effort to 
control tuberculosis have never been more bright. 

My duties during the past year have afforded me close and most enjoy- 
able contacts with many of the component local organizations of our 
Association, a consequent closer personal acquaintanceship with many 
of you who are the workers in the field, and a better knowledge of the 
actual problems with which you are confronted and surrounded. 

From the multitude of these problems it has not been easy to select 
one of special interest and importance concerning which it might be 


1Delivered at the General Session of the Eighteenth Annual Meeting of the National 
Tuberculosis Association, Washington, D. C., May 4, 1922. 
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profitable to address you upon this occasion. I have selected my pres- 
ent topic from a deep conviction that the spirit constitutes the main- 
spring of all successful action in the humanitarian field, and that in 
our especial sphere of action we have in the past been guided to success 
to an exceptional degree by the wonderful spirit which has dominated 
the leaders of this great antituberculosis movement and which through 
them has permeated the whole army of its workers. 

The whole world to-day, and perhaps especially our own country, 
appears enmeshed in a materialistic revulsion from the ecstatic emotions 
of the great war which could not fail to find its echoes in our own ranks. 
Moreover, in our peculiar field there is an added danger because of the 
increasing recognition of the economic and materialistic claims for the 
value of our efforts upon the sociological side and from the medical 
point of view of our dependence upon exact science, and our pride in 
our material accomplishments is a constant temptation to rely upon them 
too exclusively as the keynote to our progress. 

Wonderful and fundamentally important as are these materialistic 
elements in our campaign, we cannot afford to dim the light which shines 
behind them or to forget that in movements such as ours it is the per- 


meating influence of the right spirit which moves with power upon the 
lives of men. 

My address to you to-day is, therefore, an appeal to cherish the 
great heritage of the spirit which is peculiarly ours and to develop it as 
our most precious asset amid the increasingly complex problems which 
may tend to cloud our vision. 


THE SPIRIT OF SERVICE 


A gathering of the members of the National Tuberculosis Association, 
such as this, scarcely needs to be reminded of this fundamental essential 
in our work. Our efforts are primarily called forth by the appeal of 
disease and suffering, often dependent upon social and economic in- 
equalities or maladjustments, and are stimulated by the conviction that 
these conditions are preventable and unnecessary. This emotional 
appeal is greatly enhanced by the increasing scope of our work with 
children, which never fails of a ready response. 

The roots of the three great professions, medicine, nursing and social 
service, which compose the backbone of our Association, are sunk deep 
into the soil of devotion to the needs of the sick and of the weak who are 
reaching out for the helping hand of trained and sympathetic service. 
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It is our privilege to profit by the highest traditions and ideals of these 
professions, and by our responsibility, at the same time, to develop and 
deepen them in the sphere of our special interests. 

When we pause to review the wonderful opportunities for service 
that are ours, in medicine, in nursing, in social rehabilitation, in the 
relief of poverty and distress, in the readjustment of unequal home and 
industrial conditions, in the protection and development of children and 
a host of others, the vision is a sobering as well as an inspiring one. 

In such a task, no grudging, time-serving spirit can succeed. The 
true measure of the success of each one of us in our particular task is the 
extent to which we give and spend ourselves in a deep spirit of conse- 
cration to a great cause. It is thus that our movement becomes truly the 
crusade which it has been called. 


THE PIONEER SPIRIT 


We are apt comfortably to sit back in the thought that the pioneer 
era is past. In the sense of exploration of absolutely untouched fields 
of territory or of knowledge this may be true, but in a wider sense the 
pioneer spirit may be considered as that of courageous inquiry and ac- 


tion in the fields of the as yet unknown. In medicine and in public 
health it is the spirit of research. 

The history of preventive medicine teaches us our absolute dependence 
upon scientific knowledge for all of the essentials of our present pro- 
gramme and, if we are honest and intelligent in our thinking, we are 
well aware that our knowledge is as yet imperfect and inadequate in 
many respects. 

We are thrilled with pride in our pioneers in medicine and none are 
more notable than those in the field of tuberculosis. We owe it to them 
and to ourselves to inculcate the spirit of research into our present daily 
tasks. 

Research is a term too loosely employed, but in its true sense it is the 
key to knowledge and the essential of progress. This is by no means 
confined to the limited field of the laboratory, but includes the entire 
scope of our activities; whether they be chiefly medical or exclusively 
sociological. 

Research may be defined simply as the operation of an inquiring mind, 
trained to observe accurately, to note carefully and to correlate logically 
such phenomena as may occur in our experience, to the end that the sum 
total of knowledge may be extended. 
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To only the gifted few is given the imagination to visualize the possi- 
bilities of brilliant experiment. A// may develop habits of study and 
observation in their work, the result of which may be some addition to 
general knowledge. 

The imagination that can see visions of future possibilities in the 
midst of dull routine brings the fire of enthusiasm into our tasks and 
substitutes a spirit of restless energy for that of smug satisfaction. This 
involves a capacity for constant change to meet the demands of new 
knowledge, but change is the prerequisite of life and of growth. 


THE SPIRIT OF UNITY 


We Americans are apt to pride outselves upon our devotion to co- 
operation and efficiency, terms which have become somewhat thread- 
bare from overuse. The principle involved, that is, coérdinated effort 
for a common purpose, is fundamentally sound, and the result is proper 
organization. 

Tuberculosis ‘Association relations: That this Association is the larg- 
est and probably the most successful of all similar voluntary organiza- 
tions for the promotion of health and the prevention of disease is due 
largely to the sound principles of organization upon which it is based. 

Following logically the existing divisions in the political structure of 
our form of government, we are organized upon community, county, 
state and national lines. Each unit has its own function and responsibi!- 
ity, but each depends upon the others for the full measure of success. 
These appear to be self-evident facts, and yet in the past few years tend- 
encies have developed here and there which, if fostered and extended, 
might threaten the unity of our effort. 

The greatest material asset and one of the greatest unifying forces 
which this Association possesses is the Christmas Seal Sale. It. is 
unique and makes us the envied of all similar organizations. Yet 
it is this very seal sale which appears to be making difficulties for a 
few local units. 

As a member of a local association, keen to develop its own work, 
I can well appreciate the desire to retain as large a share as possible of 
the funds raised, in order to develop the concrete tasks which loom large 
to us because near at hand, and are consequently more clearly visualized 
and understood. This is a natural first reaction which experience usually 
broadens into a realization of the dependence of local effort upon the 
State and National organizations of which it is a component part. 
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I am sure that there are few, if any, here present who have not grown 
into this larger point of view. ‘The fact, however, that here and there 
are some who have not, suggests some flaw in our methods which de- 
mands recognition and correction while as yet no material damage is 
done. The fault would appear to be either that such a local unit is 
ignorant or neglectful of the benefits to be derived from the larger 
organization, or that the larger organizations have been remiss in the 
education of or in service to the disaffected local society. That mis- 
takes on either side should occasionally occur is perhaps inevitable, but 
the best evidence that they are not vital and can be corrected is found 
in the recent reorganization of this Association to meet the demands for 
more general and democratic representation in the government of its 
affairs. The spirit which dominated the respective representatives of the 
National Association and its affiliated organizations in the conferences 
which led up to the recent changes in our constitution was a notable 
example of broad-minded statesmanship and recognition of the unity of 
purpose in this campaign. 

Such a spirit should be in control of every local society, however small, 
and will, I am sure, continue to govern the actions of our National and 
State Associations in reference to the fundamentally important local 
units to an ever increasing degree. 

Relations with public health authorities: The time has long gone by 
in this country when voluntary organizations should expect or attempt 
to dominate the field of the prevention of disease. This is a recognized 
function and primary responsibility of the public health authorities. 
That they are not now and probably never will be able completely 
to meet this responsibility is the reason for existence of associations such 
as ours. In nation, state and community it is our duty and privilege to 
work side by side with the health authorities in a common purpose to 
control tuberculosis. ‘That this is not always a simple and easy task is 
the common experience of us all, and from their side, no doubt, it is that 
of public health officials also. 

It would be impossible for me, even were it expedient, to attempt to 
lay down precise rules for guidance in these mutual relations of public 
and voluntary agencies, for conditions vary widely in different communi- 
ties and at different times. It is perhaps allowable, however, to assume 
that the following principles would be generally applicable: 

i. That an increasing burden of responsibility should be shifted to 
the public authorities in proportion to their ability to carry them and to 
do so efficiently. 


‘ 


246 JAMES ALEXANDER MILLER 


2. That it is the function of the voluntary agency to fill out the 
gaps in an accepted programme left by lack of public funds or public 
initiative. 

3. That, in addition, it may be recognized that public funds in general 
may not be expended for experimentation in new fields and that the 
function of the limited demonstration of possibly valuable new methods 
belongs properly to the voluntary organizations, which, when success- 
fully demonstrated, then become a responsibility of the public authorities 
to be incorporated in their general programme. 

4, That, furthermore, our vountary organizations have the responsi- 
bility of collective citizenship constantly to scrutinize public health 
policies and to stimulate public sentiment to support and to demand those 
which are sound, and that this responsibility carries with it the possi- 
bility of commendation as well as criticism is a point of view which is 
perhaps too seldom appreciated. 

5. In general, it would seem sound policy to expect that public and 
voluntary agencies together might profitably come to agree upon the 
programme for any community and allot the various features of it in 
accordance with the resources and personnel at the command of each. 

Whether we accept some such general basis of operation as has been 
thus briefly outlined or not, it is evident that the success or failure of 
codperative effort between public and voluntary agencies depends more 
upon the spirit of approach to these mutual problems than upon any 
fixed rule of action. The French have a saying to the effect, “It is not 
so much what you do, but the way that you doit.” The cultivation of 
a spirit of mutual understanding and helpfulness is the key to happy 
and effective unity of effort, and perhaps we unofficial workers forget 
that the best evidence of our own success may be the extent to which we 
stimulate and assist our public agencies to live up to the full measure of 
their duties and responsibilities. 

Relations to other voluntary health agencies: The struggle anata 
tuberculosis is a part of a more extensive campaign against disease in 
general. Not only should we be glad to so dispose our forces that they 
will most effectively assist toward the attainment of the general ultimate 
objective, the elimination of all preventable disease, but we must also 
recognize and give due credit to the many indirect advantages which 
accrue to our special interest from the activities and successes attained 
in other spheres of action. 
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Nowhere is this more evident than in our relations to the field of 
child welfare. We have openly and specifically claimed our interest and 
share in some phases of preventive work with children. We have ade- 
quate scientific basis for this claim and we are justified in it. In practi- 
cal operation, however, we come immediately in contact with many other 
child welfare agencies, and opportunity for overlapping, if not indeed 
for friction, is not lacking. The very strength and efficiency of our 
tuberculosis movement may operate to make us the objects of suspicion. 
Once started upon this course, where are we to stop? Where does the 
prevention of tuberculosis cease and child hygiene per se begin? 

The question is therefore raised for serious consideration whether 
the time has not come for a study of the possibilities of a closer union 
between the organization in the field of preventive medicine and espe- 
cially of those which have to do with tuberculosis and child welfare. 
We see beginnings in this direction in the formation of the Child Health 
Council and the National Health Council. In some states and com- 
munities it has gone even further in the metamorphosis of the tubercu- 
losis associations into health associations. 

Doubts are expressed as to the wisdom of these changes. The question 
is whether the advantages of fusion can be obtained without loss of 
the peculiar and special interest in the separate fields of effort. The 
problem is important and demands our immediate and earnest attention. 

Certain it is, that it will ultimately be solved by the local communities. 
The sum of their experiences will mould the decision of any associations 
organized upon the broader basis of state or nation. Are we as indi- 
viduals and as communities sufficiently alive to the possibilities involved, 
and are we all conscientiously thinking and working toward a solution 
which will best serve, not only the cause of tuberculosis prevention, but 
also child welfare and general health as well? 

In all of these problems of codperation involving our relations with 
each other in the field of tuberculosis, as well as those with other public 
and voluntary agencies in the public health field, we need a keen sense 
of the importance of unity of action, the spirit of which will level all 
differences and overcome many difficulties. 


THE SPIRIT OF RESPONSIBILITY 


Those of us of the present generation who are actively engaged in the 
affairs of this Association and its component organizations are in the 
position of trustees for a great movement with which we have been en- 
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trusted from the hands of its founders and which we must in turn pass 
on to our successors. The responsibility is great, just as the movement 
is great, and far beyond our personal interest or proprietorship in it. 
This recognition of our share in it, as in the nature of a trust, places upon 
us definite obligations to give of our best in our temporary administra- 
tion of our Association and at the same time to lay firm foundations for 
its future growth and development. 

This responsibility appears to me to be in the main one of education 
and training. 

Comparatively few of the present or past leaders in this movement 
have been epecially trained for their tasks. We have grown up and into 
the work largely through the operation of propitious circumstances. 
Our training in it has been through the hard school of personal 
experience. 

The magnitude of this undertaking and the degree of expert knowl- 
edge, which its successful operation now requires, demands more 
thorough preparation and training for the generation which is to come 
on and take our places. 

The antituberculosis campaign has always been primarily one of 
education. We have played an important part in the remarkable 
development of public health education which the last two decades have 
witnessed in this country. To this phase of our responsibility we have 
responded magnificently and can view the future with equanimity and 
satisfaction. 

In the training of social workers and nurses for public health work, 
including tuberculosis, notable progress has also been made. Even 
though there be many unsolved problems in the education of these groups 
of workers, we may upon the whole feel assured that these will be satis- 
factorily solved and that the near future will demonstrate satisfactory 
development along the lines already laid out. 

In the education of medical students and physicians in tuberculosis, 
however, we have miserably failed and the fact constitutes a problem 
and responsibility of the greatest moment. 

The principles upon which this organization is based and has developed 
are sound because our great medical leaders have made them so. 
Chance, fortunate for us, has thus far stricken a sufficient number of 
able physicians with the disease to force them into the field of tubercu- 
losis and thus have we in the main recruited our medical leaders. 
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There is no systematized effort being made to attract brilliant medi- 
cal minds to our work or satisfactorily to train those who may be dis- 
posed in this direction. Are we to continue to leave to the tubercle 
bacillus the choice of its own exterminators, particularly when our dimin- 
ishing death rate leads us to hope and to expect that the number of 
candidates from this source will be increasingly limited? 

Some of us who are physicians have watched with growing concern 
the tendency for health movements such as this to pass more and more 
into the hands of those who have had no medical training. 

This is no criticism of social workers. They simply carry the banner 
lest it fall from the hands of uninterested or untrained physicians. 
All honor to them for their zeal and ability to carry on so well, but we are 
in danger of losing by default a medical and scientific direction which may 
in time develop as a fatal weakness in our campaign. 

I do not fail to recognize the importance and value of such schools 
for tuberculosis, which have been so successfully instituted at Trudeau 
and at Colorado Springs. I am also aware of fairly numerous papers 
and resolutions upon this subject which adorn the records of this Asso- 
ciation, but they have thus far failed to make any but the faintest, 
impress upon the strategically important strongholds of conservatism, 
namely, the undergraduate and graduate schools of our great medical 
universities. 

The only way to begin is to commence. An immediate and urgent 
responsibility rests upon those of us, who may have affiliations with any 
of these centres of medical education, to insist upon a recognition of the 
importance of the special study of tuberculosis in their curricula and to 
plan how the splendid equipment for practical training which exists 
in the dispensaries, hospitals, sanatoria and social service organizations 
may be codrdinated with the present school facilities, so that all 
physicians may graduate in medicine with at least as full a knowledge 
of tuberculosis as our trained social workers now enjoy, and also that 
opportunities for special training may be offered to the selected few to 
whom the splendid opportunities for service in this special field may 
appeal. 

And to all the rest of us who have no such affiliations with medical 
schools, there remains the responsibility for a greater realization of the 
fundamental importance of better medical education which would lead 
us to urge its adequate financial support as an indispensable part of our 
antituberculosis programme. ‘The large capital expenses for hospitals 
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and sanatoria have been made in the last twenty years. There is every 
indication that the need for such expenditures will be increasingly less 
in proportion to the success of our campaign. There is no more im- 
portant field into which such funds could be diverted than into that of 
medical training. ‘ 

If in the next ten years we could pass on to the next generation a 
satisfactory system of medical education in tuberculosis we would have 
taken a most notable step toward the fulfilment of the responsibility 
which is ours. 


What I have so inadequately attempted to express to you are but in- 
timations of the power and influence of the right spirit in this struggle of 
ours to conquer tuberculosis. 

But this Association and the whole tuberculosis movement in this 
country possess a peculiarly precious heritage which is equalled by none 
other and which challenges us to live up to our very highest ideals. 

We have had as our founder and first leader Edward Livingston 
‘Trudeau. To me, personally, as to many others here present, it was his 


inspiration which first kindled and has constantly strengthened an 
interest in tuberculosis. This prompts me to take this. opportunity to 
remember our obligations to his life and to his spirit, for I like to think 
that his spirit watches over, as his life inspired, the destinies of this 
Association. 

In his address as first President of this Association in 1905, Dr. Tru- 
deau said: 


On the spirit of a work like this depends its life and success. The motive 
which has brought you together, and the spirit which has made possible the 
existence of the National Association, is to my mind the best guarantee’ of 
its success; for its work represents the highest type of unselfish human endeayor 
and the highest aim of a noble profession; namely, the struggle for the existence 
of others—a struggle which will not be rewarded even by the gratitude of those 
whose lives you will save, for they will never even know that they have been 
saved. 


It is now for us, seventeen years later, to assess honestly the measure 
in which we have kept alive and developed this spirit of which Trudeau 
then had the vision. It may aid us to review briefly how he met some of 
the responsibilities which we have just been considering. 
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No one more than he ever possessed the true spirit of service to the 
thousands who loved him as their friend and their physician. Even when 
losing their fight, his words brought a benediction which strengthened 
them to pass on in courageous peace, because his hand was in theirs. 

The veritable pioneer spirit was also conspicuously his. Through it 
he braved the winter rigors of the Adirondack forests, to test a theory of 
treatment which had never before been attempted and which led to the 
founding of the first sanatorium in this country, the beautiful institution 
which bears his name. The same spirit led him later to his memorable 
scientific researches through an insatiable eagerness to penetrate the 
unknown and to benefit mankind. Nor did he fail to sense the funda- 
mental importance of unity of effort, for in this same Presidential Ad- 
dress he said: “Organization and coéperation are the key notes of the 
age; on their thorough application and broadest interpretation depends 
the degree of success the National Association will achieve. The first 
problem before it is to combine and direct the scattered efforts of in- 
dividual workers and existing associations, and to extend and expand the 
field. of these efforts.” Could we have a better definition of our present 
day responsibilities? 

Trudeau also realized his responsibility to pass on his inspiration and 
his knowledge to those about him. In the physicians and workers about 
him he stimulated an enthusiastic devotion to the ideals which he 
cherished, which has made the Saranac spirit what we know it to-day 
and which has left few of us untouched by it. 

All this, accomplished in the face of well-nigh constant struggle 
with his own disease, constitutes a study of bravery and achievement 
well deserving the wonder and admiration with which it inspires us 
to-day. But that by no means represents all that he means to us. It 
was Trudeau, the man, who gripped hard those privileged to be near 
him. His frail but virile figure, the keen but kindly face, lighted so 
frequently with his wonderful smile, and the rich, smooth tones of his 
voice, so well adapted to convey the expression of his brilliant mind, 
combined to constitute a personality of rare charm which rarely failed 
to convert the first fascination into the admiration and affection of 
devoted friendship. 

That was indeed a man! And he is ours, ours in a very special and real 
sense. Those of us to whom is left the responsibility of carrying on 
the work he so nobly began would do well to take frequent opportunity in 
our quiet hours to meditate on his life and his example and to rekindle 
our flagging enthusiasm by the fire of the wonderful spirit that was his. 
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At the close of another memorable address, the master voiced in 
words much more fitting than any which I have at my command the 
message which I would leave with you: 


Let us not, therefore, quench the faith nor turn from the vision which, 
whether we own it or not, we carry, as Stevenson’s lantern bearers their lanterns, 
hidden from the outer world, and, thus inspired, many will reach the goal; and if 
for most of us out achievements inevitably must fall short of out ideals, if when 
age and infirmity overtake us “we come not within sight of the castle of our 
dreams,”’ nevertheless all will be well with us; for, as Stevenson tells us rightly, 
“to travel hopefully is better than to arrive, and the true success is in labor.” 


AN EXPERIMENT IN THE EMPLOYMENT OF ARRESTED 
CASES OF PULMONARY TUBERCULOSIS 


H. R. M, LANDIS 
Philadelphia 


The fitting of those persons who have been handicapped by injury 
has received a tremendous impetus as the result of the World War, and 
vocational training or rehabilitation in behalf of those who have lost 
their sight or one or more limbs has become a governmental function. 

The problem has been that of training them so that they could earn 
a living and compete on nearly equal terms with those not so handi- 
capped. One of the essential facts to be borne in mind in regard to 
this group is, aside from their loss of sight or limbs, that they are other- 
wise organically sound. I desire to emphasize this because the same 
plan is now being advocated for arrested cases of pulmonary tuberculosis. 
It may also be remarked that there seems to be an impression in the 
minds of some that the idea of helping the arrested case of tuberculosis 
had been given no consideration until recently. It is partly because 
of this and partly because of the present interest in the subject that 
this report, long delayed, is now being made. 

The problem of what should be done with the arrested case of tubercu- 
losis is one that has bothered students of this subject for years. In 
many instances there is no difficulty. . The patient may return to his 
former employment not only because he is physically fit but also be- 
cause he will do better at his old trade or employment than at something 
new. Nevertheless, there always remains a considerable number about 
whom there is a problem. How much work can the patient do? What 
kind of work is best suited to his physical condition? Questions of 
this nature are constantly coming up. 

It must be evident that there is a great difference between those 
physically handicapped but free from disease, and those suffering from a 
disease such as tuberculosis which can rarely be said to be completely 
cured and in which there is the ever possible danger of relapse. 

The idea of rehabilitation or vocational training for arrested cases 
of tuberculosis is not new. One of the best illustrations of what has 
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been accomplished is that afforded by the training as nurses of women 
who have recovered from tuberculosis. When the tuberculosis crusade 
was definitely launched in this country nearly two decades ago it soon 
became apparent that one of the difficulties to be overcome was the 
nursing of the tuberculous sick. The emphasis placed on the danger 
of infection caused a more or less widespread fear of the disease. And 
this fear had not a little to do with nurses declining to enter institutions 
devoted to the cure of tuberculous patients. Not only did many of 
them have an exaggerated idea of the danger of contracting the disease 
but, in addition, they consciously or unconsciously showed this fear. 
Furthermore, they had little faith in the curability of the disease and 
were apt to take a pessimistic attitude toward their patients. It is 
only fair to say that many of the early experiences in this regard were 
gained through inefficient nurses who only too often took up the work 
from necessity rather than choice. The fact is undeniable, however, 
that the nursing work was unsatisfactory, inefficient and, quite as often 
as not, detrimental to the patient. 

It was with the idea partly of overcoming this difficulty and partly 
of providing a suitable occupation for women who had sufficiently 
recovered to do the work required, that the Phipps Institute, then 
under the direction of Lawrence F. Flick, opened the first training school 
in 1904. It was hoped that these young women, having been cured 
themselves and having overcome the disease, would be no longer afraid 
of it. This school was successful from the beginning. It proved that 
the training could be undergone successfully. and that the nurses brought 
to their work both enthusiasm and keen sympathy for the patients 
under their care. 

In 1907 a similar school was started at the White Haven Sanatorium. 
That it is fulfilling the double purpose of not only providing efficient 
' care for the patients in that institution but also furnishing nurses. for 
other institutions is attested by the fact that the demand for graduates 
is always far in excess of the supply. 

Successful schools of this kind are now in operation at the Adiron- 
dack Cottage Sanatorium, Trudeau, N. Y., and a number of other 
institutions. 

This somewhat lengthy introduction has seemed necessary in order 
to explain the reasons which led the Phipps Institute to conduct the 
following experiment, which represents the experience of the Phipps 
Institute in a further effort to develop suitable employment for arrested 
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cases of tuberculosis. The experiment was started April 1, 1914, and 
closed July 1, 1916. The possibility of utilizing arrested cases of tuber- 
culosis in some form of industry that would make them altogether or in 
part self-supporting suggested itself as far back as 1911. During the 
latter year a night tuberculosis class was conducted at the Institute in 
the interests of patients who had recovered from their acute symptoms 
under dispensary or tuberculosis class treatment and of returned sana- 
torium patients. Inasmuch as some 80 per cent of the patients seeking 
relief at the Institute are foreign born, for the most part Russian Jews, 
a very large number of people engaged in the various branches of the 
ready-made clothing industry are encountered. It was our experien-e 
in watching these patients over a period of years that many of them were 
able to return to this vocation, resume their wage earning capacity and 
at the same time maintain their health, provided they were supervised 
and were at all amenable to discipline. At the same time it was noted 
that a certain proportion seemed unable to withstand the strain of 
keeping pace with their fellow workers who were normal. It seemed 
logical therefore to try to provide some means of giving sufficient em- 
employment to this handicapped class to take them, if possible, out of 
the group entirely dependent on the aid of the charity organizations. 

The situation then and now, for that matter, was that industry as at 
present organized has no place for the man and woman capable of work- 
ing, with safety to their health for only four, six or eight hours a day. 
They must either accept the risk of breaking down on full time or seek 
relief from one of the charity organizations. In some instances the 
acceptance of aid from the latter is taken as a matter of course, but with 
not a few the feeling that they have to depend on charity is deeply 
humiliating. Whether the charity is accepted willingly or unwillingly 
it usually happens in the end that the moral fibre of the individual is 
destroyed; and he not only accepts the aid but is also likely to take the 
point of view that such assistance is his right. To prevent the develop- 
ment of this attitude, in so far as is possible, is important not only from 
the standpoint of the individual but also to relieve the terrific strain on 
society in caring for these people. While there may be a certain amount 
of sentiment in aiding in the uplift of the individual, the problem, in so 
far as society is concerned, is an intensely practical one. As the income 
of charity organizations is raised almost entirely by subscriptions, every 
additional case to be cared for increases the burden by just that much. 
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If, therefore, the means is provided of permitting the handicapped 
to earn at least a part of his living two purposes are served. In the 
first place the fact that he is at work and doing the best he can under 
the circumstances strengthens his self respect. In the second place, 
every dollar so earned decreases by that much the burden imposed on 
the charity organizations. 

The idea of starting an experimental workshop had its inception, 
therefore, in the experience which has just been stated. 

The general idea of providing the means of livelihood for those situated 
so that they cannot compete with the normal worker is not a new one. 
Several sanatoria for the treatment of tuberculosis, for instance, have 
established as a part of their equipment some such scheme. In some 
instances it has taken the form of a workshop where certain light forms 
of work, such as bookbinding, etc., may be undertaken during the period 
the patient is under treatment. Only in a relatively few instances, how- 
ever, has the work been undertaken with the idea of permanently em- 
ploying such people and attempting at the same time to make the ven- 
ture self-supporting. 

Profiting by some of these tentative trials it seemed apparent that 
any such scheme must first deal with some commodity for which there 
is asteady demand. The commodity must be a staple one and not one 
for which there is a limited demand. Furthermore it must be one the 
buying of which is not dictated by sentiment. Several ventures which 
were highly successful for a year or so finally failed for this very reason. 
Their output was taken by a small group of interested persons but no 
real market was created. In the end they failed because those who origi- 
nally bought had no use for any more of the product and new buyers 
could not be obtained. 

Partly for the reasons just stated and partly because so many of the 
people with whom we had to deal were or had been employed in some 
branch of the ready-made clothing industry, we determined to try some 
feature of this trade. Our first selection of the article to be manufac- 
tured was not a wise one, although practical people whom we consulted 
did not in the beginning warn us of what we soon learned ourselves and 
what still others told us later. In the beginning we essayed to manu- 
facture a cheap form of shirtwaist. It was not difficult to make, the 
material was inexpensive and did not involve the locking up of a large 
amount of capital and, in addition, it seemed to be an article for which 
there was a large and constant demand. 
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What we did not foresee, however, was the fact that of all commodities 
there is hardly another one which is so subject to the vagaries of chang- 
ing fashions as the shirtwaist. What is a readily salable waist to-day is 
out of date to-morrow, and poorer women are almost as insistent in their 
demands for the latest style as their wealthier and more fashionable 
sisters. 

As this venture proved unsatisfactory financially, we cast about for 
some article for which there was a more steady market and which, as 
it is spoken of in the trade, is staple. 

The manufacture of hospital supplies was suggested but inasmuch as 
the demand for this class of goods is relatively limited and was already 
amply made in sufficient quantity, no attempt was made to carry this 
plan out. 

The making of aprons was tried for a time, but their cheapness makes 
it necessary to produce them in large quantities in order to make even 
a small return on the venture. Furthermore, a large output was not 
possible with people incapable of working long hours and also unable to 
work at top speed. In this connection it may be said that much of the 
evil incident to the manufacture of ready-made clothing in its various 
branches, lies in the so called “speeding-up” process. The more the 
manufacturer can turn out daily with the same expenditure of power, 
the larger the profits.. The more the worker can produce, the higher 
the weekly wage and, in order to accomplish this, the work must be 
carried on at top speed day in and day out. It is this factor more than 
anything else that renders the individual with a lowered resistance 
incapable of maintaining his health. After consulting with a number 
of manufacturers and salespeople, we finally decided upon the manu- 
facture of women’s black underskirts. This particular article is always 
staple and practically never changes. With the selection of this article, 
our problem was solved in so far as obtaining a salable article was 
concerned. 


FEAR OF INFECTION 


From the very beginning one of the most serious obstacles we en- 
countered was the prejudice against handling any article of goods manu- 
factured by people who had or had had tuberculosis. Even when it 
was carefully explained that they were either closed cases or cases in 


1 The workshop for arrested cases of tuberculosis conducted by the United Hebrew Chari- 
ties of New York City has within the past two years made this specialty a success. 
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which all cough and expectoration had ceased, the objection held. Fur- 
thermore, when we stated that our experience in making a survey of 
the ready-made clothing industry showed very clearly that many of the 
small, so called sweatshops, doing subcontract work for larger firms, 
were often extremely unsanitary and that open cases of tuberculosis 
were not infrequently encountered among the workers, prospective 
customers remained unconvinced. As a matter of fact, one of the worst 
of these subcontract shops we encountered was doing work for a large 
firm which made a point with the public of advertising clothing produced 
under ideal sanitary conditions. The argument used by the heads of 
departments in several of the department stores which we visited was 
that if they should place on sale goods so made and it became known, 
this fact would be used to their disadvantage. Failing to obtain co- 
operation in this direction we were forced to address ourselves to the 
small jobbers who supplied goods to the small retail stores scattered 
throughout the city. The financial status of these jobbers we later 
found was not always of the best. In several instances we suffered a 
loss because of inability to collect our bills; in others, the final settle- 
ment was a compromise; and in nearly every instance considerable 


difficulty was experienced in getting our money. Eventually, when 
the manufacture of skirts was undertaken satisfactory arrangements 
were made with a large and responsible house. In this instance the 
goods were taken, as they were from other small jobbers, without 
anything being said as to where they came from. The shop simply 
played the part of a small subcontracting establishment, an arrangement 
which prevails throughout the ready-made clothing industry. 


FOREMAN 


Because of the small size of our shop it was necessary to obtain a 
foreman who could at the same time cut out the goods. The man whom 
we first employed had had a large experience, and had been for some 
years a cutter and acting foreman in a moderate-sized shirt waist factory. 
He had two serious defects, however. Unfortunately he lacked ability 
to control the workers and was constantly appealing to us for aid to 
straighten out disputes. Furthermore, he lacked intelligence, especially 
from the point of view of grasping the idea of the experiment; and again 
he was utterly lacking in business judgment, both in the buying of 
material and in the sale of it after it was manufactured. Many of our 
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original financial disasters can be attributed to this fault. Later this 
defect was remedied. A serious business error was that the wage paid 
the foreman was entirely out of proportion to the size of the shop. 


EMPLOYEES 


As we determined in the beginning to deal with some article of women’s 
apparel the workers were restricted to women. These were selected 
from our dispensary or discharged ward cases. In several instances 
we utilized women patients from the wards who had become at least 
symptomatically cured. They were usually employed for a part of 
the day and the work was prescribed as a form of exercise. Among the 
dispensary patients we attempted to limit our choice as follows: They 
must be free from expectoration and they must be dependent on charity. 
It became clearly evident from the beginning that many of these women 
were averse to the idea of working. Even when it was explained to 
them that the charity organization would continue to aid them and 
that by earning as much more they could better provide for themselves 
and their children, if they had any, they still refused. As the majority 
of our women patients were Jewish, it was suggested to the United 
Hebrew Charities that they codperate with us and that in the event of a 
woman’s refusing to work they withhold their assistance. We assured 
them that we had no idea of either recommending that they withdraw 
aid or that we desired to employ anyone who would be seriously injured 
thereby. This was agreed to, but unfortunately, after a few abortive 
attempts in the beginning, the plan failed. 

This is one of the most important points in such a plan. There are 
a surprising number of people who do not want to work if they can 
avoid it. They prefer a pittance to an adequate weekly sum if they 
can obtain the pittance for nothing. It becomes necessary, therefore, 
to apply some pressure in such cases. This can best be done by the 
dispensing power also making the decision of whether they are fit to 
work or not. If the former is the case it is an easy matter to issue the 
dictum, ‘‘Work or no support.” 

The later success of the New York Hebrew Charities in an experiment 
similar to this can, we believe, be attributed largely to the fact that 
they both dispensed the charity and controlled the workers in this way. 

From the very beginning it seemed reasonably clear to us that to 
compete with others manufacturing a similar line of goods it could hardly 
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be expected that we would make money. Such ventures must probably 
be expected to show some deficit. Success will be indicated, therefore, 
by a low annual deficit. This is obvious because of the fact that in no 
case is a force such as we are considering capable of working at top speed. 

In conversation with an experienced manufacturer he pointed out 
that the successful factory manager depends for his profits on the high- 
class rapid operator who is paid from $14 to $18 per week (wage rate, 
1914-1915). This type of worker produces better work and two or 
three times the quantity turned out by the less skilled operator. At 
the same time the overhead charges for the one skilled operator amount 
to only one-half or one-third of the charges necessary for the amount of 
work. The minimum number for a small shop should be in the neigh- 
borhood of 30, whereas we started with 10. As has already been pointed 
out, it is the operators capable of producing a large quantity daily who 
offset the work of those less skilled. Attempting to conduct a shop 
‘with a force made up of “cripples” who are, more often than not, of the 
unskilled type, is a handicap which is hard to overcome. This difficulty 
may be surmounted, in part, by employing healthy, skilled operators 
in the proportion of, say, one to five. Such an arrangement would im- 
prove the character of the work by the supervision these skilled workers 
could give the less experienced and at the same time insure a larger 
output. We finally came to this plan after nearly a year’s experiment- 
ing with the handicapped only. 


WAGE EARNING CAPACITY 


It was realized from the outset that these women would be unable 
to earn sufficient to entirely cover their support. As has already been 
stated one of our objects was to enable these handicapped persons to 
contribute to their support in part only, certainly until they could be 
gradually brought up to a point where their physical condition would 
warrant greater efforts. 

In selecting workers we restricted ourselves to those who were pa- 
tients at the Phipps Institute dispensary. This undoubtedly prevented 
us from availing ourselves of many skilled workers who had been dis- 
charged from sanatoria with their disease arrested, and who returned 
directly to their former place of employment without going to a dis- 
pensary for observation. In but two or three instances did we have 
women who could be termed “‘skilled” and these, unfortunately, were 
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not strong and were therefore incapable of producing more than an 
average output. Itis interesting to note that one of these women, feel- 
ing that she was not making sufficient with us, returned to her regular 
place of employment in order to earn more money. She quickly broke 
down, however, and for a second time returned to our shop. 

All of the women whom we employed, with one or two exceptions, 
were physically below par, and as such, could not be expected to equal 
the output of even the average operator. Our greatest handicap, how- 
ever, was the fact that these women, even if physically sound, would 
still have been poor workers. Partly from lack of any education with 
its resulting ignorance, and partly because they were mentally stupid, 
it was almost impossible to instil into them any ambition to aid them- 
selves. They are representative of the type that plagues all employers. 
With good health they would be inefficient; somewhat broken in health 
and already used to obtaining aid for which no equivalent was given, 
they could not be aroused to a sense of independence. 

In all, we employed at one time or another twenty-five to thirty women. 
Some worked four, some six, and some eight hours. They earned from 
one-third to over one-half the standard wage of that time. In no in- 
stance was their health impaired. 


MEDICAL MANAGEMENT 


It goes without saying that the medical side of such a plan is important, 
The doctor must pass on the person to be employed (1) as to whether 
acceptable; (2) if acceptable how much work he or she can do; and (3) 
with the physician must rest the decision as to whether the work can 
be increased or whether it must be stopped altogether. With the health 
of the employees the function of the medical advisor ceases. 


BUSINESS MANAGEMENT 


As already pointed out the minimum for a shop should be thirty. 
Any number under this increases the overhead charges too much. 

It is essential that the business management be entirely in the hands 
of a man with experience in the manufacture and salesmanship of goods. 
One of our difficulties in the beginning was in having a foreman who 
had no judgment in regard to buying material or in selling the finished 
product. Our second selection was very satisfactory. 
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FINANCIAL STATEMENT 


This experiment is divided into two periods. As will be seen from 
the table the first period was anything but a success financially. This 
is to be ascribed to three factors: (1) poor business management much 
of which must be charged to the writer who attempted to engage in a 
venture about which he knew nothing and also in relying too much on 
an inefficient foreman; (2) experimenting in the selection of a salable 
article; and (3) in employing a working force entirely made up of handi- 
capped and also, in some instances, inexperienced workers. The sec- 
ond period shows clearly the great reduction in the deficit affected 
through eliminating the faults of the first period. 


First period 
Expenditures: March 1, 1914, to final payment in September, 1915, as follows: 


Expenses (Light and power, expressage, cleaning, 


$6, 393 .63 

Receipts: March 1, 1914, to final settlement of accounts 


Second period 
Expenditures: November 1, 1915, to final payment in 
August, 1916, as follows: 
Machinery sundries, repairs, etc.,.............eeee0 117.78 


Expenses (Light, and power, expressage, cleaning, 


$12,855.79 


Receipts: November 1, 1915 to final settlement of ac- 


Note: On July 1, 1916, there was a deficit of $3,067.99, but by sale of manufactured goods 
-and raw materials on hand, also equipment, this amount was reduced to $245.48, as above. 
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SUMMARY 


In an effort to acquire further experience with the practical problem 
of employing arrested cases of tuberculosis in industry we organized 
and operated for about two years a small shop for the manufacture of 
ready-made wearing apparel. The operation was conducted in two 
periods. The first period was a failure in the financial sense. In the 
second period enough was done to show that better financial results 
might be secured under favorable conditions. 

From the social point of view our experience developed important 
suggestions as to the requirements underlying and bearing upon any 
similar venture. 

From the medical point of view the experiment was an unqualified 
success. 

In support of the above general statements, we would call attention 


to the following specific points: 


Medical: 
1. The arrested case of tuberculosis (and certain others physically 


handicapped) may be employed in industry with no detriment to their 


health and often to the advantage of it. 

2. To accomplish this the arrangements for their employment must 
be sympathetic and such that they can work part time. 

3. The actual time they are to be employed must be under the 
control of a physician and he must put health questions before business 
questions but must have regard for the latter. 

Social: 

1. Such employment benefits society by its tendency to avoid pau- 
perization of a group with the strongest tendency to compute economic 
and moral dependence. 

2. Any such scheme is impossible of successful operation without 
the careful codrdination of the charity organizations of a community, as 
pressure must be applied from time to time in those so reduced morally 
that they prefer accepting charity to working. 


Business: 
1. Considering the size of this problem and the intellectual quali- 


fications of most of those in need of aid, no such venture can be a success 
which undertakes to manufacture objects of art or other specialties 
the demand for which is dictated by fashion. 
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2. Staple articles, on the other hand, while they must be the basis 
for such an operation, are manufactured under high pressure and marketed 
under highly competitive conditions. If these conditions are to be met 
the workers must be employed at high speed for whatever time they are 
at work, and a fair proportion of skilled healthy workers must be em- 
ployed to set standards and take up the slack. 

3. The actual business management must be in the hands of a 
very competent person from the business point of view (because of the 
competition) and he should at the same time be of unusual intelligence 
in order to adapt himself to the health requirements of the workers 
and secure the primary object of the operation. 

4, Such a venture would need for a fair chance of success consider- 
able working capital and the sympathetic codperation of the business 
men of the community, at least those concerned in the same manufac- 
turing field. 

CONCLUSIONS 


1. This and similar ventures have shown that arrested cases of tuber- 
culosis can be employed to advantage without detriment to their health 
if properly supervised medically. 

2. It is necessary to delegate to a business man the entire manage- 
ment of the commercial side of the problem. 

3. From the economic side this experiment can be said to have been 
a success. The deficit was small. This could have been much larger 
and still have made the experiment worth while. 


THE DIAGNOSIS OF PULMONARY TUBERCULOSIS FROM 
THE STANDPOINT OF THE INDUSTRIAL PHYSICIAN! 


FRANK A. CRAIG 
From the Henry Phipps Institute of the University of Pennsylvania, Philadelphia 


The early recognition of pulmonary tuberculosis in members of in- 
dustrial bodies is of the greatest possible moment to the employee him- 
self, his fellow workmen, and his employer. A careful consideration of 
the method to be employed in the detection of these cases cannot help 
being of general interest; especially as the views on this subject held by 
those interested in industrial medicine are by no means uniform. 

The early detection of tuberculosis in industrial workers has been 
recognized as a valuable measure in the prevention of the disease, 
Sawyer (Jour. Amer. Med. Assoc., October 16, 1920, lxxv, 1041) in his 
article on Industrial Epidemiology expressing this very general opinion 
when he states, “Complete and careful physical examination of all new 
employees, with periodic reéxaminations when indicated, cannot fail to 
help in the crusade against this disease” (tuberculosis). 

The method to be employed in the detection of these cases in the early 
stages varies with different investigators, the difference of opinion being 
chiefly centered in the question of reéxamination; whether it is necessary 
to reéxamine all the workers at stated periods or only those in whom there 
seems to be some indication or reason to suspect the presence of the 
disease. One of the first plans proposed was described by Sachs (Ex- 
amination of Employees for Tuberculosis, Committee on Factories, Chicago 
Tuberculosis Institute, 1912). This was based upon the examination of 
all “suspects,” the cases being selected on account of (1) their history of 
having had the disease previously; (2) being in poor general condition 
or having suspicious symptoms; (3) having histories of protracted cough 
and expectoration; or (4) having had a death from, or case of tubercu- 
losis in their family or home. This plan of examining only a limited 
group was recommended for adoption because of the economy of its 
administration as compared with the periodic examination of the entire 


1 Read before the Section on Medicine of the New York Academy of Medicine, December 


20, 1921. 
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force and hence the greater possibility of its general acceptance. It will 
be noted that while he appears to consider the periodic examinations of 
the entire force as the most effective means for the early recognition of 
tuberculosis, Sachs proposes the plan for the examination of suspects on 
the grounds of expediency, at a time when the employer had not been 
educated in regard to the value of health service; or, to be more accurate, 
when he had not discovered the economic value of this work. This plan 
was adopted at that time by a number of large corporations, including 
the International Harvester Co., Montgomery, Ward and Co., the 
Chicago Telephone Co., and Swift and Co., and a similar plan was em- 
ployed by Harry E. Mock in the Sears, Roebuck and Co. plant in Chicago 
(An Efficient System of Medical Examination of Employees, Trans. Nat. 
Assoc. for the Study and Prevention of Tuberculosis, 1914). 

While this plan of examining selected cases might have been considered 
expedient in the days before employers had awakened to the tremendous 
possibilities of health examinations, it would appear as being incomplete 
and inefficient when compared to periodic examinations of the entire 
force combined with entrance examinations. This would seem to be 
borne out by a careful analysis of Mock’s results of five years’ experience 
with the “selective” method from 1909 to 1913, during which time there 
was a decrease in the proportion of tuberculous cases among those ex- 
amined from 5.64 per cent to 3.55 per cent (5.62, 5.58, 2.37, 3.72, and 
3.55 per cent respectively, with an average of 4.01 per cent). Upon 
these figures he based his statement that his plan was ‘“‘a comprehensive, 
yet workable system,” leading one to infer that by this method practi- 
cally all of the cases of tuberculosis were discovered, thus causing a 
gradual decrease in the incidence of this disease among the employees. If 
one, however, compares the number of cases of tuberculosis discovered 
each year with the number of employees for that year, and not with the 
number examined, we find the tuberculosis rates are 0.57, 0.78, 0.26, 0.41 
and 0.87 per cent for the five years respectively, with an average of 0.59 
per cent. It will be seen that the total tuberculosis rate is higher in 
1913 than in 1909, which would not appear to support the view that 
tuberculosis was being decreased by this method of detection. The 
average of 0.59 per cent would also appear to be rather low for a large 
industrial organization, as Mock (Industrial Medicine and Surgery, 
1919, p. 365) gives for “Tuberculosis, active,’ the following rates in the 
four groups which he cites: 1.7 per cent, 0.92 per.cent, 3.00 per cent and 
1.40 per cent; average, 1.775 per cent, the first group (1.7 per cent) being 
his own figures. 
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The examination of 19.932 employees in 154 factories and workshops 
by Robinson and Wilson (U.S. Pub. Health Service, Pub. Health Bull., 
no. 73, 1916) showed an incidence of 1.1 per cent (220 cases) for tubercu- 
losis. Among the drafted men in the state of Pennsylvania the rate 
for tuberculosis (excluding suspected tuberculosis) was 1.875 per cent 
(Defects Found in Drafted Men, War Dep’t. Washington, D.C., 1920). 
In our examination of the 5706 police and firemen of the City of Phila- 
delphia we found an incidence rate between 0.84 and 1.43 per cent. 

It would appear from the tuberculosis rates just quoted that Mock’s 
figures were well below those obtained in other industrial surveys and 
that the method he employed was probably responsible for his not de- 
tecting all the cases of tuberculosis, unless he was dealing with an un- 
usually healthy group. 

Nearly every writer on industrial health matters to-day emphasizes 
the value of entrance examinations, with periodic reéxaminations, as 
a means of detecting beginning disease, and they are becoming more and 
more generally employed. There are unfortunately many diseases so 
insidious in onset that they become definitely advanced, frequently 
beyond hope of absolute cure, before the affected person has awakened 
to the fact that he requires medical attention. This is especially true of 
pulmonary tuberculosis, a disease which is definitely curable in the large 
majority of cases when detected in its early stages, with the loss of 
only a relatively short period of time. When not discovered until well 
developed the disease requires a considerable loss of time for its arrest 
and, even with the best results obtainable, frequently entails a loss of 
working capacity. While many advanced cases may secure an arrest 
of the disease it is usually only after a very prolonged course of treatment 
and frequently with an almost total loss of working capacity. 

Granting the importance of the early recognition of pulmonary tuber- 
culosis and the value of the periodic health examinations for its detection, 
the medical examiner is still faced with the difficult problem of what 
physical signs and symptoms may be accepted as positive evidence of 
the disease. In the examination of large bodies of men the factor of time 
is an extremely important one, being usually at the expense of the em- 
ployer and adding to the cost of the examination. A careful physical 
examination for pulmonary tuberculosis requires considerable time and 
is prohibitory in every person examined in the large majority of health 
surveys. 

It would add to the value and decrease the cost of such a survey if some 
method of selection could be devised, whereby the intensive study for 
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the detection of this disease need be applied in only those cases in which 
there are peculiar or special indications of the disease of a general charac- 
ter and recognizable by some easily applied method of study other than 
physical examination of the chest. 

With the hope of developing some such plan of selection we felt that it 
might prove of value to study the findings in regard to tuberculosis 
obtained in a general health survey of the police and firemen of the city 
of Philadelphia recently conducted by the Henry Phipps Institute of the 
University of Pennsylvania. 

This study was made with the object of (1) determining the incidence 
of physical defects among these men; (2) the obtaining of information 
as to the value of a general health survey as a means of detecting disease; 
and (3) the securing of data in regard to the most effective method of 
conducting such an examination, time required, cost, etc. The Institute 
was desirous of obtaining this information to assist it in the establishment 
of a department to provide general health examinations for industrial 
plants in and about the city of Philadelphia. 

A complete general physical examination was made of every member of 
the police and fire departments, including a study of the height, weight, 
temperature, pulse, eyes, ears, nose, throat, teeth, skin, genitalia, in- 
guinal rings, deformities and defects, blood pressure, heart and lungs, etc. 
The routine examinations were performed by Drs. W. R. Gilmour, H. F. 
Keating, and J. S. Scouller, under the direction of the writer of this 
article, acting as physician-in-charge. The examination was conducted 
in such a way that all men found to be normal or with only slight de- 
fects were at once returned to duty, but all those in whom serious defects 
were detected or suspected were referred to the physician-in-charge for 
reéxamination, and for special examinations, such as Wassermann tests, 
X-ray examinations, electrocardiographic studies, etc., either directly 
or in coéperation with Dr. Hubley R. Owen, Chief Surgeon of the police 
and fire departments. The urine was examined in all cases in which the 
blood pressure was 150 mm. Hg. or over, or in which there was some 
clinical evidence indicating the advisability of such a study. 

The problem for the industrial physician is very much the same as 
that for the army examiner, the object being to select those cases in 
which there is active tuberculosis at the present time and those in which, 
in his opinion, there is a probability of an old quiescent process becoming 
active under unfavorable circumstances. He is not especially concerned 
with the selection of those who have at one time been infected with the 
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tubercle bacillus or even those in whom actual disease may at some time 
have been present, provided he can feel reasonably certain that there is 
little likelihood of the lesion again becoming active. The distinction 
between infection and disease is extremely important, and frequently 
an extremely difficult one to make. Every one who has had the oppor- 
tunity of carefully examining the lungs of a large number of people can- 
not help having been impressed with the large number of cases encoun- 
tered in which the physical signs at one apex (usually the right apex) 
indicate slight contraction of the lung at that point, with possibly some 
increase in density. ‘These signs are frequently encountered in men who 
are in perfect health, and in whom a carefully elicited history will reveal 
no record of illness suggestive of previous attacks of tuberculosis. It 
would be obviously unjust to consider these persons cases of pulmonary 
tuberculosis. 

Upon what basis would one be justified in making a diagnosis of tuber- 
culosis, either active or inactive, in an industrial health survey? 

The answer to this question has been outlined by the Diagnostic 
Standards Committee of the National Tuberculosis Association in co- 
operation with the representatives of the Community Health and Tuber- 
culosis Demonstration in Framingham, Massachusetts, in a set of diag- 


nostic standards for the diagnosis of pulmonary tuberculosis in adults 
with negative sputum (Diagnostic Standards, Community Health and 
Tuberculosis Demonstration of the National Tuberculosis Association, 
Framingham, Mass., 3rd edition, September, 1918). From their list 
of minimum diagnostic standards we quote the following first two 
paragraphs: 


1. When constitutional signs and symptoms and definite past history are 
absent or nearly so, there should be demanded definite signs in the lungs, in- 
cluding persistent rales at one or both apices. By “persistent” it is meant 
that the rAles must be present after cough at two or more examinations, the 
patient having been under observation at least one month. 

2. In the presence of constitutional signs and symptoms, such as loss of 
weight and strength, etc., as defined above, there should be demanded some 
abnormality in the lungs, but not necessarily rales. 

By “loss of weight” should be understood an unexplained loss of at least 5 
per cent below normal limits for that particular individual within four months. 


It will be noted that considerable stress is laid upon the importance of 
constitutional signs and symptoms, and upon the past history of the 
patient. There can be no question about the value of a complete and 
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carefully recorded history of the patient in the establishment of a diag- 
nosis of pulmonary tuberculosis and in the determination of the pres- 
ence of activity of the process. 

In the examination of large bodies of men it is seldom possible to 
secure a history of previous illness in every case reporting for examina- 
tion. The recording of a history requires considerable time and is value- 
less unless taken by an experienced person. It is also questionable 
whether much reliance could be placed upon the facts obtained in a 
history of the previous illness of men reporting for examination in a large 
industrial plant. Under such circumstances the diagnosis must rest 
almost entirely upon the data obtained at the examination itself, al- 
though many difficulties attend the establishment of a definite diagnosis 
of tuberculosis upon the basis of physical signs alone, a problem which 
has been excellently presented by Hamman (Penna. Med. Jour., March, 
1919, p. 353) in his article on Physical Examination in the Diagnosis of 
Early Pulmonary Tuberculosis. 

The examination of the police and firemen was conducted in such a 
manner that the “record of previous illness” was not available in every 
instance, many of the cards not being received until the examination 
was completed. The record of “previous illness’ merely showed the 
number of times the man had reported to the chief surgeon for injury 
or disease, the character of the disability, and the length of time the man 
was off duty. The diagnosis in the large majority of our cases rested 
entirely upon the physical signs and such additional data as weight, 
pulse, temperature, blood pressure, etc. Under these circumstances the 
number of tuberculous persons was probably less than might otherwise 
have been the case and probably accounts for the large number of in- 
stances in which the diagnosis was not absolutely established. We were 
unable to apply to our cases the minimum standards as laid down by 
the National Association, our opinion being based solely upon all the 
data obtainable in each individual case. In many instances the X-rays 
were employed in questionable cases, this examination being made by 
Dr. Alfred S. Doyle, assistant to Dr. H. K. Pancoast, Roentgenologist 
of the University Hospital, University of Pennsylvania. 

The attempt has been made in the study of the following tables to 
analyze the results of our examination and to see whether the various 
methods of examination, other than the physical examination of the 
patient, are of any value in the selection of cases for intensive study, and 
what additional help they may give in establishing the diagnosis. 
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This is not to be construed as suggesting that only certain persons 
should receive a careful examination of the chest, but that there are 
some cases which should receive a more exhaustive, complete and careful 
study than is usually possible to apply to every member of a large in- 
dustrial group. 

The cases discovered have been arbitrarily divided into groups, being 
roughly graded according to the degree of positiveness of the diagnosis, 


as follows: 
Group I: Suspected tuberculosis 
Group II: Possible tuberculosis 
Group III: Probable tuberculosis 
Group IV: Arrested tuberculosis 
Group V: Definite tuberculosis 


We regret that for the purposes of our study we have felt obliged to 
use a Classification which is different from that usually employed, namely, 
the standard classification of the National Tuberculosis Association, 
which is so well adapted to the clinical study of tuberculosis. The 
standard classification is not so well suited to the cases encountered in 
large industrial groups, where one is not interested in whether they are 
incipient, moderately advanced or far advanced, or whether they have 


one, two or three lobes involved, but whether they have actual disesase 
at the present time which would render them a danger to their fellow 
workman or the performance of work would be a danger to themselves, 
or whether they have some indications which would suggest that they 
would develop actual disease if permitted to perform work of certain 
kinds or any kind. We have felt that the grouping we have employed 
indicates the desired information as well as any that could be devised. 

We have not included among our cases any of that relatively large 
group apparently in perfect health, in which are found more or less defi- 
nite impairment at one apex, with slight bronchovesicular breathing 
and increased voice sounds. These cases have been grouped separately 
under the headings “Slight Fibrosis’ and ‘Fibrosis,’”’ according to the 
degree and extent of the signs present, and have not been considered in 
the present article. It is possible that owing to the conditions under 
which the examinations were made some of the cases of “Fibrosis” 
should have been included among the tuberculous, and all of them should 
be reéxamined from time to time in order to detect any evidence of 
beginning disease. 

Groups I and II include the cases in which there existed some doubt 
as to the accuracy of the diagnosis; group ITI, those in which the diag- 
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nosis was very likely; and groups IV and V, those in which the diagnosis 
was positively established. The factors which might be of assistance in 
confirming the diagnosis, which will be considered in detail, are (1) weight, 
(2) temperature, (3) pulse rate, and (4) blood pressure. 


LOSS OF WEIGHT 


The National Tuberculosis Association in its pamphlet on Diagnostic 
Standards, to which reference has been made, defines loss of weight as 
“an unexplained loss of at least 5 per cent below normal for that partic- 
ular individual within four months’ time.” In the present study we 
were unable to determine the loss of weight in such detail as would de- 
termine when the loss of weight had occurred or whether the person had 
always been below weight. The term “loss of weight” as employed in the 
present article, therefore, does not conform with the National Associa- 
tion standard. 

Loss of weight has always been considered a symptom of considerable 
significance in the clinical diagnosis of pulmonary tuberculosis, and it 
therefore is not surprising that it was noted in 116 of the 132 cases of 
tuberculosis which form the basis of the present study, or 87.8 per cent 
(table 1). It will be noted that the “arrested” cases, group IV, show the 
largest proportion of men over weight. The percentage of men under 
weight varies considerably in the different groups, bearing no constant 
relation to the degree of certainty of the diagnosis. 

It would appear from our study that loss of weight is an extremely 
common symptom of pulmonary tuberculosis, but that its absence does 
not by any means exclude the possibility of this disease being present, 
as 12.0 per cent of the cases discovered were either of normal or over 
weight. 

The proportion of cases over and under weight is given in more detail 
in table 2, where it will be noted that extreme underweight (20 per cent 
or over) was a very uncommon finding, being present in only 6 of 132, 
or 4.5 per cent of the cases discovered. 

In computing the percentages of over and underweight each case was 
considered separately and the actual weight compared to the normal 
average weight for an individual of his age and height. 

The average loss of weight, expressed in terms of pounds avoirdupois, 
in the different groups (table 3) varied between 11.8 and 21.6 pounds. 
The net loss of weight in the various groups ranged from 2.2 pounds 
(arrested tuberculosis, group IV) to 18.3 pounds (probable tuberculosis, 
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TABLE 1 
Percentage overweight and underweight 
Summary 


POSSIBLE PROBABLE 
TUBERCULO- 
SIS 


0.0 
0.0 
100.0 


100.0 


TABLE 2 
Percentage overweight and underweight 


POSSIBLE | PROBABLE ARRESTED DEFINITE 
TUBERCU- TUBERCU- TUBERCU- 
LOSIS 3 LOSIS LOSIS 


Overweight, 20 % and over.. 
Overweight, 10-19 % 
Overweight, under 10 % 


Normal weight 
Underweight, under 10%... 


Underweight, 10-19 % 
Underweight, 20 % and over. 


TABLE 3 
Overweight and underweight expressed in pounds avoirdupois 
Police and firemen combined 


POSSIBLE | PROBABLE 
TUBERCU- 


Overweight and normal 
Underweight 


Total and net underweight . 


ARRESTED DEFINITE 
SUSPECTS TUBERCU- TUBERCU- TOTAL 
LOSIS. LOSIS 
pis i Sls silat sls 
2); 8.3} 5 | 50.0) 5 110.4) 15/11.3 
Underweight.............. 26 |89.6) 21 21 |87.5) 5 | 50.0) 43 |89.5) 116|87.8 
29 |99.9) 21 24 |99.9) 10 {100.0} 48 |99.9 132/99 .8 
SUSPECTS TOTAL f 
Z Ay A vA a As 
0; 0 01 Li 1) 0.7 
1; 3.44 0; 0.0; 2 20.0) 0;0.0; 3) 2.2 
2; 0/0 2) 8.3} 3 | 30.0) 4/ 8.3) 11] 8.3 
0/0 0; 0 1; 4.1; 0; O 0/0 1} 0.7 
20 |69.0} 9 |42.8) 6 |25.0} 3 | 30.0) 14 |29.1) 52/39.4 
6 |20.6) 11 |52.3) 13 |54.1) 2 | 20.0) 26 |54.1) 58/43.9 
0/0 1.1 4:7 2/1831 O| O 3| 6.2) 6) 4.5 
Total. 29 99.9] 21 |99.8} 24 |99.8] 10 |100.0) 48 |99.7) 132/99.7 
ARRESTED DEFINITE ’ 
SUSPECTS TUBERCU- TUBERCU- TOTAL 
LOSIS LosIs LOSIS LOSIS 
3 113.0; 0) 0 3 | 4.6 5 {10.0} 5 {12.0} 16 {10.1 
26 [11.8] 21 {17.0} 21 |21.6) 5 114.4) 43 {21.0} 116]18.0 
| 29 (10.2) 21 17.0) 24 (18.3) 10 | 2.2} 48 |17.5) 132/14.6 
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group III), with a net loss of 14.6 pounds for the entire body of cases 
under consideration. If we exclude the arrested tuberculous cases it 
will be noted that the loss of weight gradually increases with the cer- 
tainty of the diagnosis until group V is reached, when there is a slight 
fall. It is difficult to explain this drop in group V except on the ground 
that many of the cases in this group had been previously recognized 
and placed under treatment with a resulting gain in weight. 


TEMPERATURE 


In the larger proportion of cases (79.5 per cent) the temperature was 
found to be normal, even among those with definite disease, in which 
the percentage (79.1 per cent) was almost the same as the average for 
the entire group of men. The temperature was more frequently sub- 


TABLE 4 
Temperature 


POSSIBLE | PROBABLE 
TUBERCU- | TUBERCU- - TOTAL 
LOSIS 


=| 
o 


16.6 
66 .6 
16 .6 


oo 


| mon | Per cent 


24 |99.8) 10 


8 oo | Number 


99 .8 


2 
i=] 


normal (12.8 per cent) that elevated (7.5 per cent). In the present 
study the temperature record was made between the hours 8:30 and 
11:30 a.m., sometimes being taken immediately after the man’s arrival 
at the clinic, and at other times after a short period of rest. 

While there can be no question of the value of a temperature record, 
which has been taken in a careful manner at regular hours on successive 
days, in the clinical diagnosis of tuberculosis, in a group study like 
the present its value would seem questionable when one considers 
the expenditure of time and trouble required in securing this piece of 
information. 

PULSE RATE 


The pulse rate was increased in only a little over one-fourth (27.2 per 
cent) of the cases studied, which cannot be considered as a strikingly high 


| 
| 
| | 
SUSPECTS 
Pan: 
2 0 17 |12.8 
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proportion. The presence of an increased pulse rate, however, has so 
much significance in regard to conditions other than tuberculosis that it 
seems inadvisable to omit making a record of it in any carefully made 


health survey. 
TABLE 


Pulse rate 


POSSIBLE | PROBABLE ARRESTED 
TUBERCU- | TUBERCU- TUBERCU- 
LOSIS LOSIS LOSIS 


BLOOD PRESSURE 


Numerous writers have called attention to the frequency with which 
a low systolic blood pressure is met with in cases of active pulmonary 


tuberculosis. We have considered it worth while reporting in detail 
our findings in regard to this factor. 

A stystolic blood pressure of less than 120 mm. (Nicholson sphygmo- 
manometer, reading taken by auscultation method with patient seated 
and arm resting on table) was found to be present in about one-third of 
the cases studied, or 32.4 per cent, varying between 10.0 and 45.8 per 
cent in the different groups. It also appeared to bear a fairly constant 
relation to the degree of certainty of the diagnosis. If one excludes the 
cases of arrested tuberculosis (group IV), it will be seen in table 6 that 
the percentage is lowest (13. 7 per cent) in group I (suspects), shows a 
decided increase (38.1 per cent) in group II (possible tuberculosis), is 
highest (43.8 per cent) in group III (probably tuberculosis), and for some 
unaccountable reason presents a slight decline (39.6 per cent) in group V 
(definite tuberculosis). It will be noted, however, that in this last 
group (V) there is the largest percentage of very low blood pressures 
(95 to 105). The cases of arrested tuberculosis (group IV) showed the 
lowest proportion of cases with a low systolic pressure, suggesting that 
recovery from disease is accompanied by an elevation of blood pressure. 

An analysis of the 43 cases with a systolic pressure below 120 shows 
that the lowest percentage was among the arrested tuberculosis group 


DEFINITE 
SUSPECTS TUBERCU- TOTAL 
LOSIS 
19 165.5] 16 |76.1] 17 |70.8} 9 | 90.0] 35 |72.9| 96 |72.7 
85 5 {23.8} 7 {29.1} 1 | 10.0) 13 |27.0 
[99-9 21 |99.9} 24 |99.9) 10 |100.0} 48 |99.9 132199 .9 
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(group IV), but with this group omitted the percentage shows a gradual 
increase, according to the certainty of the diagnosis, the largest propor- 
tion of them (44.2 per cent) being found among the cases of definite 
tuberculosis (group V). 

This study of the actual systolic pressure is not a very accurate method 
to follow, as the ages of the men varied to a considerable degree. We 
have, therefore, prepared the following table (table 8) showing the pro- 


TABLE 6 
Systolic blood pressure expressed in mm. mercury 


POSSIBLE | PROBABLE | ARRESTED DEFINITE 
TUBERCU- | TUBERCU- TUBERCU- TUBERCU- 
LOsIS LOSIS LOSIS 


| Per cent 


Ww 


we 
| on en | Number 


to 
| 
co | 
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TABLE 7 
Systolic pressure below 120 


POSSIBLE | PROBABLE 
TUBERCU- | TUBERCU- 
LOSIS 


| Number 
Per cent 


Systolic pressure below 120...} 4 | 9.3 


& 


portion of men in each group with a normal pressure, and with a pressure 
above or below normal taking into account the age of each person 
(according to Woolley’s scale). 

This table shows that nearly one-half of the cases (47.7 per cent) were 
found to have a blood pressure below normal for their age, the proportion 
in the various groups, with the exception of group IV (arrested tubercu- 
losis), bearing a constant relation to the degree of certainty of the diag- 
nosis. This sign was found present in only 27.6 per cent of the suspects 


| 
SUSPECTS TOTAL 
215 
| 10.4 8 | 6.0 
99.9| 132199.7 
ARRESTED DEFINITE 
SUSPECTS TUBERCU- | TUBERCU- TOTAL 
LosIS LOSIS 
8 |18.6| 11 25.5| 1 | 2.3] 19 |44.2 
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(group I), and shows a gradual increase in each group, with the exception 
of group IV (arrested tuberculosis), until we find 60.4 per cent of those 
with definite tuberculosis (group V) showing the presence of a systolic 
pressure below normal. 

It would appear as though a low systolic blood pressure; of otherwise 
unexplained origin, should be considered as suggestive of the presence of 
tuberculosis and all cases presenting this symptom should be the subjects 
of more thorough and searching examinations than the average case 
receives. It seems hardly necessary to state that the information de- 
rived from a study of the blood pressure is of so much value from so many 
standpoints that no health survey could be considered complete which 
did not include a study of this factor. 


TABLE 8 


Systolic blood pressure according to normal for age 


POSSIBLE | PROBABLE ARRESTED 
SUSPECTS | TUBERCU- | TUBERCU- TUBERCU- 
LOSIS 


PHYSICAL SIGNS 


The purpose of this paper does not include a detailed study of the 
physical signs which should be considered as indicative of pulmonary 
tuberculosis. We have, however, prepared a table (table 9) which shows 
the relative frequency of various groups of physical signs in the different 
types of cases and may be accepted as suggesting their relative frequency. 
It is unfortunate that we found it impracticable to show the relative 
frequency with which the various combinations of physical signs were 
encountered, but a table of this nature proved too cumbersome for 
practical purposes. 

The most frequent signs in all the groups were apical impairment 
and abnormal breath sounds, as one would most naturally expect. De- 
pression above one or both clavicles was also a very frequent finding, 
being present in 59.8 per cent of all the cases studied; and localized re- 


DEFINITE 
TUBERCU- TOTAL 
LOSIS 
Below normal..............| 8 |27.6] 9 |42.8) 13 |54.1) 4 | 40.0) 48 |60.4| 63 |47.7 
9 |31.0} 6 |28.5} 3 |12.5} 1 | 10.0) 8 {16.6} 27 |20.4 ‘ 
Above normal..............| 12 |41.3} 6 |28.5; 8 |33.3} 5 | 50.0) 11 |22.9) 42 |31.8 
29 [99.9] 21 99.8) 24 (99.9) 10 {100.0} 48 |99.9] 132/99.9 
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traction, depression or diminished expansion occurred in nearly one-half 
of the cases (45.4 per cent). 

Apical rales after cough (combining “after cough only” and “both 
before and after cough”) occurred with increasing frequency with the 
_ certainty of the diagnosis, if the arrested cases (group IV) are omitted, 
the percentages being group I, 17.2 per cent, group II, 19.0 per cent, 
group III, 33.3 per cent, group IV, 0.0 per cent and group V, 39.5 per 


TABLE 9 
Physical signs relative frequency 


POSSIBLE PROBABLE ARRESTED DEFINITE 
SUSPECTS TUBERCU- TUBERCU- TUBERCU- | TUBERCU- 
LOSIS LOSIS LOSIS LOSIS 


nt 


| Per cent 
| Per ce 


Depression above one or 
both clavicles 

Localized retraction, de- 
pression or diminished 
expansion 

Abnormal chest formation. 

Chest long and narrow.... 

Poor chest expansion 

Abnormal signs by per- 


Abnormal breath sounds . . 
Apical rales, before cough 


Apical rales, both before 
and after cough 


Number of cases........| 29 zt 24 10 


cent. The question might be raised as to why cases with apical rales 
after cough should be included among the suspects or possible tubercu- 
losis cases. This is explained by the fact that while this finding was 
recorded at the original routine examination the sign could not be 
elicited on reéxamination by the physician in charge. 

Sputum and X-ray examinations were not employed routinely, but 
in 8 of the 48 cases the sputum showed the presence of tubercle bacilli 
and in 14 instances the diagnosis was confirmed by X-ray examination. 


i 
| 
TOTAL 
12 |41.2| 14 | 66.6] 18 | 75.0) 4 40.0] 31 |64.5) 7959.8 
7 124.1; 9 | 42.8] 10 | 41.6) 7 | 70.0) 27 |56.2) 60/45.4 
i 10 |34.4) 10 | 47.6] 18 | 75.0) 3 | 30.0) 31 164.5) 72/54.5 
11 |37.9| 10 | 47.6} 17 | 70.8) 2 | 20.0) 31 |64.5) 71/53.7 
i 5 {17.2|. 4 | 19.0) 13 | 54.1} 2 | 20.0) 24 |50.0) 48/36.3 
cussion................| 28 [96.5] 21 |100.0) 24 {100.0} 9 | 90.0) 47 |97.9) 129|97.7 
26 |89.6) 20 | 95.2] 21 | 87.5) 10 {100.0} 47 |97.9) 124/93 .9 
3 110.3} 1] 4.7) 3] 12.5) 1] 10.0] 7 |14.5| 15/11.3 
Apical rales, after cough 
| 48 132 
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GROUP V: DEFINITE TUBERCULOSIS 


In order to furnish some idea of the type of cases included in group V 
(definite tuberculosis) we have prepared the following tables showing in 
a general way the extent of involvement and degree of activity in the 
48 cases. 

It will be seen that in 22 cases (45.8 per cent) the disease was definitely 
active; in a small percentage (4.1 per cent) the presence of activity was 
questionable; and in the remainder it was either quiescent, fibroid or 
possibly arrested. The involvement was slight in 19 cases (39.6 per cent) 
and of only moderate extent in 14 cases (29.1 per cent), while the in- 
volvement was extensive in 13 cases (27.07 per cent). 

TABLE 10 TABLE 11 


Definite tuberculosis (Group V). Degree Definite tuberculosis (Group V). Extent 
of activity of involvement 


PER CENT NUMBER 


27.1 
Moderately active 18.7 
Quiescent 27 1 
Fibroid 18.7 


Possibly arrested 
Questionable 


99 .8 


FREQUENCY OF TUBERCULOSIS AND VALUE OF THE EXAMINATION 


The object of the present study being to obtain information in regard 
to the frequency with which tuberculosis may be discovered in large 
bodies of men, and to see whether a survey of this kind would reveal 
the presence of the disease in individuals in whom its presence was un- 
suspected, we decided to include our findings in regard to these two 
points although they bear no definite relation to the subject of this 
article. 

Table 12 shows the proportion of cases in which the presence of disease 
had been previously suspected and the percentage of cases revealed only 
by the health survey. It must be borne in mind that the examination 
was conducted upon two bodies of men who had to pass a physical ex- 
amination before being accepted for service, and who are under the 
partial supervision of a surgeon who sees all cases who report for relief 
from duty on account of illness. For this reason one would expect to 


NUMBER cus 
2 4.1 
2 4.1 Extensive (cavity)..........| 8 | 16.6 
——_|——____ Extensive (cavity)..........] 48 | 99.8 
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find a lower percentage of cases of tuberculosis and fewer unsuspected 
cases, than one would find, for example, among a large industrial body 
of men who had not received the same amount of supervision. 

Among: the 5706 police examined we found 132 cases of pulmonary 
tuberculosis, an incidence of 2.31 per cent. If one considers only those 
cases in which the diagnosis was absolute we find 10 cases of arrested 
tuberculosis, an incidence of 0.17 per cent, and 48 cases of definite tuber- 
culosis, an incidence of 0.84 per cent, a combination of the two groups 
showing an incidence of 1.01 per cent. If the 24 cases of probable 
tuberculosis are included the rate would be 1.43 per cent. 

Among the 132 cases it was found that 93, or 70.4 per cent, were dis- 
covered by the health survey of the men and would probably not have 


TABLE 12 


Proportion of cases of tuberculosis discovered by health examination 


POSSIBLE PROBABLE ARRESTED DEFINITE 
SUSPECTS TUBERCU- | TUBERCU- TUBERCU- TUBERCU- TOTAL 

LOSIS LOSIS LOSIS LosIs 

a a a | 
Previously suspected........ 2 | 6.8 4 |19.0) 5 |20.8) 7 | 70.0) 21 |43.7) 39 |29.5 
Discovered by examination .} 27 |93.1) 17 |80.9) 19 |79.1) 3 | 30.0) 27 |56.2) 93 |70.4 
29 {99.9} 21 |99.9) 24 |99.9) 10 |100.0) 48 |99.9) 132/99 .9 


been recognized until the disease had become definitely active or possibly 
well advanced. ‘This statement is confirmed by the very small propor- 
tion of cases previously suspected in every group except the arrested 
tuberculosis and definite tuberculosis. We feel that the large number of 
unsuspected cases of tuberculosis revealed by the examination upon 
which this paper is based constitutes one of the strongest arguments in 
favor of this method of study of large bodies of men engaged in in- 
dustrial work. 


SUMMARY 


1. We believe that for the early detection of pulmonary tuberculosis 
there can be no question that the carefully conducted health survey 
is the most valuable method at our command, especially valuable being 
the entrance examination combined with periodic reéxaminations of the 
entire force. 


| 

| 

| 
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2. The diagnostic standards adopted by the National Tuberculosis 
Association do not appear to be applicable to those encountered in the 
routine examination of large industrial groups. 

3. The tuberculosis incidence rates which appear in literature as the 
findings of medical examiners in their studies of numerous industrial 
bodies are so lacking in unformity and are so frequently unaccompanied 
by qualifying, defining, or explanatory information that they are almost 
valueless for comparing the findings of one industry with those of another. 
It would seem as though some standardized method for reporting such 
cases was definitely needed, before it would be possible to establish 
average tuberculosis morbidity rates for various occupations. 


CONCLUSIONS 


1. The examination of large bodies of men for the presence of pul- 
monary tuberculosis presents many, but not insuperable, difficulties, and 
in each case the diagnosis must rest upon a careful correlation of all the 
findings. While the most important information is that obtained by a 
physical examination of the patient, including inspection, palpation 
percussion and auscultation, there are other methods of study which 


possess considerable value in the formation of the diagnosis. 

2. The history of the case is of the utmost importance but is seldom 
obtainable or reliable in the study of large groups of men. 

3. In the routine examination of large bodies of men the recording 
of temperature seems to be of questionable value, although it may prove 
invaluable in the study of individual cases. 

4, From the standpoint of tuberculosis the recording of the pulse rate 
offers very little if any information of value. 

5. Loss of weight is a finding of considerable value and one which is 
readily obtained. The age and height must be taken into consideration 
in studying the weight of the individual. 

6. A systolic blood pressure which is below the normal for the age of the 
patient is a very suggestive finding. ‘The recording of the blood pressure 
should be included in the study of every large body of men for many 
reasons. 


THE CAUSES OF THE RAPIDLY INCREASING FALL OF 
THE TUBERCULOSIS DEATH RATE IN THE 
LAST FIVE YEARS! 


HAVEN EMERSON 
New York City 


It is well known to sanitarians that the death rate from tuberculosis 
in the United States, in Great Britain and in Germany had been falling 
in a fairly uniform manner from a time earlier than Koch’s discovery of 
the tubercle bacillus till the outbreak of the World War. This has made 
some thoughtful people doubt the claims of organized public and private 
health agencies to the effect that reduction of tuberculosis has been 
largely due to, or at least has been very materially increased by the cam- 
paigns of education and enforcement, of early diagnosis, notification, 
early treatment, segregation, pasteurization of milk, infant welfare, 
correction of malnutrition, etc. 

Some evidence has been published tending to show that where the 
education and organization of a community to prevent tuberculosis has 
been thorough, and where the conditions of housing, industry and 
economic independence have been favorable, the death rates from all 
forms of tuberculosis have fallen more rapidly than they have elsewhere, 
even taking into consideration all factors of age, sex and race composi- 
tion of the communities concerned. This applies more particularly to 
the large populations of the United States, Great Britain and Germany. 
In France, in contrast, there has been not only a high tuberculosis death 
rate, but a rate which has remained at a fairly uniform level over a long 
period up to the outbreak of the war. The two following tables present 
conditions in France: 


Death rates from all forms of tuberculosis per 100,000 population in towns of over 5,000 popula- 
tion in France 


1 Prepared as a lecture to students of the Medical Schools of Columbia and Cornell Uni- 
versities, as part of a symposium on tuberculosis, New York City, March 6, 1922. 
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Death rate from all forms of tuberculosis per 100,000 population in Paris 


1887-1890 
1891-1895 


years, of Paris, from tuberculosis and not charged to Paris. 


The changes in the tuberculosis death rates per hundred thousand 
population in various groups, can be appreciated by a glance at charts 1 
to 10. 

It may even be shown with a reasonable presumption of accuracy that 
the backward nations or the less favored parts of nations have shown a 
slower rate of decline in tuberculosis than has occurred in more pros- 
perous, intelligent and ambitious sections of countries or continents. 
It may be said that improvement in the standard of living and better- 
ment in all the factors of environment, in home and in place of work, 
have been coincident with and perhaps have been largely responsible 
for the decrease in tuberculosis in the past fifty years in various parts 
of this and other countries. Since 1914, in the United States and in 
New York City, there has been so great a change in the rate of decline 
in the number of deaths from tuberculosis per 100,000 that it is important 
for us to consider what have been the dominant factors of the many 
possible causes of such a phenomenon. For it is at once obvious that 
if these factors can be brought under control and duplicated elsewhere 
or their action made continuous or permanent, we can foresee the eradi- 
cation of tuberculosis as a disease of importance within the next twenty 
years in this country; and, again, that while there are not only great 
suffering and formidable losses from the disease, and the public is spend- 
ing large sums to protect itself and deal generously with those already 
attacked, it is the special duty of public and private agencies engaged in 
combating the disease to take account of their claims, their methods, 
their demonstrable accomplishments and, perhaps in the process, to 
develop a change in their point of view and acquire a new sense of pro- 
portion and perspective in pushing their present advantage against 
tuberculosis. 

In the past fifty years there has been a fall of 77.9 per cent in the 
tuberculosis death rate in New York City; in the past eleven years, 


*Reduction due chiefly to deaths in military service of many of the males of ages 18-45 
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a fall of 51 per cent; and in the past calendar year of 1921, a fall of 
18.1 per cent. 

We have to look back to the years 1899-1902 to find any such striking 
fall as has occurred from 1918 to 1921. It will be recalled that the year 
1899 and the two years following were years of the last previous pan- 
demic of influenza, and its subsequent recurrent waves in this country 
and particularly in New York City. These approached, if they did not 
actually equal, the corresponding episodes of the recent influenza 
epidemic in extent of distribution and severity. i 

The following discussion is offered, not so much to present an entirely 
acceptable conclusion in the form of a single or sufficient cause for the 
remarkable change in the picture of the past few years, but rather to 
outline a series of problems for which answers will be given with increas- 
ing exactness as we follow the experience of the next ten years. 

It is suggested that among the possible causes of the decline in the 
death rate from tuberculosis are (1) those intentionally directed as 
Specific measures against the distribution of the tubercle bacillus from 
the diseased to the well, (2) those that are accessory and tend to affect the 
general bodily resistance of those particularly exposed or susceptible, 
or are intended to inform the public so that intelligent self-protection 
may become more general, and (3) those events, social, economic and so 
far as the antituberculosis campaign is concerned, quite accidental, 
in which we may see an unsought, unplanned, and, to many, an unex- 
pected bearing upon tuberculosis. 


SPECIFIC MEASURES 


The following are measures adopted generally by public health services 
in most of the states of this country and perhaps even more effectively 
by many of the cities, with the direct object of reducing the dosage or 
distribution of the tubercle bacillus, the frequency of exposure to in- 
fection or reinfection, and specific predisposing factors in conditions of 
employment: 


‘1. Early and accurate diagnosis of all forms of tuberculosis and especially 
of the pulmonary form at special public dispensaries as well as by the private 
practitioner of medicine. 

In tuberculosis, as in every communicable disease, all is guesswork and un- 


certainty until detection of the disease is provided for, so that all groups, ages 
and classes of a community are reached and served by trained physicians, 


| 
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skilled in the means of arriving at an early and accurate diagnosis. It would 
appear that no other single specific factor has been of as much value in the 
attack upon tuberculosis. In the years 1909-1920, inclusive, 251,000 new 
patients were examined for tubercylosis, 1,469,000 separate visits were made 
by patients to tuberculosis dispensaries and 961,000 separate visits were made 
by nurses to the homes of tuberculosis patients in New York City. 


2. Bacteriological diagnosis of specimens of sputum from those suspected 
of having pulmonary tuberculosis. 


Supplementing the clinical diagnosis and providing the individual practi- 
tioner with a facility which many even now fail to provide in their own offices 
for their patients, is the free, public diagnostic laboratory service, first and 
chiefly for morphological diagnosis of the tubercle bacillus in the sputum, and 
second, less often, but still of great importance in doubtful cases, for the biolog- 
ical test by inoculation of the susceptible guinea pig. The value of these 
services in the scheme of control of tuberculosis cannot be measured, either in 
terms of individual diagnoses confirmed, or as a means of educating physicians, 
but the specificity of this particular kind of evidence and the fact that only on 
such proof of the existence of a stage of communicability can administrative 
action for required segregation be instituted, should always cause this service 
to be rated high by public health officers. 


3. Notification of tuberculosis as a communicable disease to the officers of 
public health. 


From the time (1895) when this was first proposed as a reasonable use of 
the police power of the state by the Department of Health of New York City 
until the present, there has been a steady and generous increase in the observ- 
ance of this formality, the logical corollary to items 1 and 2 above in the 
administrative control of any communicable disease. Although, even where 
compliance with this requirement of sanitary law by physicians is at its best, 
we fail to get direct official knowledge of more than half of the open active 
cases of pulmonary tuberculosis in the communicable stage of the disease, the 
value of the information obtained by the admittedly incomplete reports is very 
great and is inestimable in its application to epidemiological studies of the 
distribution and incidence of the disease. It is difficult to determine whether 
in fact this specific measure is not equal in importance to either 1 or 2 above, 
for certainly it is almost indispensable for intelligent public health service. 


4. Segregation in a manner to diminish if not wholly to prevent the dis- 
tribution of the tubercle bacillus from those with “ positive sputum’ to 
others, during the active or open carrier stages of the disease. This includes 
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sanatorium treatment, or tts equivalent, under skilled medical and nursing 
direction, of those in the active stages of the disease, whether showing “positive 
sputum” or not, to abbreviate periods of activity or relapse, and to accom- 
plish early and more nearly permanent arrest of the disease. 


In addition to the humane contribution to treatment, cure, relief, and post- 
ponement of death made by the tuberculosis sanatorium and the segregated 
treatment of the consumptive apart from other sick bed patients in hospitals, 
this resource has meant to the sanitarian the same logical protection of the 
family, the public, the fellow workman, that has been attempted in other 
communicable diseases, as soon as knowledge of the infecting agent and the 
probability of personal contact transmission were established. As evidence 
of a probable direct bearing upon the definite and causal relationship of a 
policy of segregation of the tuberculous patient, chart 11, showing the tuber- 
culosis mortality and the beds provided for the population of the City of New 
York, is significant. 


Hospital beds occupied by tuberculous patients December 31 each year, in hospitals and sanatoria 


3300 
1908 3935 198 
1909 4782 187 
1910 6093 181 
1911 5301 180 
1912 7296 173 
1913 7250 171 
1914 8151 173 
1915 9033 169 
1916 9549 159 
1917 8056 164 
1918 7541 160 
1919 7330 132 
1920 6429 109 
6414 


5. Home nursing services for the education of families in which one or more 
cases of tuberculosis are under the care of a private physician or dispensary, 
so that the resistance of the members of the family may be raised to and 
maintained at a level which will reduce the probability of development of 
active stages of the disease, and that the infectious discharges of the patient 
an the form of sputum spray and saliva and in eating and toilet articles often 
used in common, may be prompily destroyed or rendered innocuous. 


| 
| 
| 
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Supplementing sanatorium or institutional segregation of tuberculosis pa- 
tients, with its valuable educational effect upon the standards and subsequent 
manner of living, the home services of the nurses who care for the sick and 
educate the patient and his family in the meantime, as well as of those who 
serve exclusively the so called public health or administrative and educational 
functions of this profession, have been powerful means of preventing the infec- 
tion of many members of the immediate household of the bedridden or sick 
consumptive, who would not or could not accept or obtain other care. 

Perhaps as agents of discovery, to search out hidden, disregarded, neglected 
spreaders of the disease, the visiting nurses have done their greatest service. 
The success of any community organization for the control of tuberculosis 
depends upon the energy, activity and ingenuity of the nurses in finding, 
bringing to diagnosis and following up all possible tuberculous patients. Since 
1909 the visiting nurses from the public tuberculosis clinics in New York City 
have made 900,000 separate home visits on tuberculosis patients. 

The extent to which the community has been taught to respond to the sug- 
gestion of the nurse that dispensary supervision or at least diagnosis is de- 
sirable, is seen from the increase in the number of patients who apply for dis- 
pensary care and who are found not to be tuberculous. In New York City 
in 1921, 66 per cent of those applying at the tuberculosis clinics were not 
tuberculous. 


6. Enforcement of laws and ordinances designed to reduce the habit of 
spitting in public places where the opportunities are great for the fouling of 
shoes, clothing and articles of common use by discharges from the respiratory 
tract. 


The year in, year out, calling of the public attention to the decencies of 
public conduct, punctuated by seasonal raids upon the grossest violators of 
antispitting ordinances, has undoubtedly made an impression on this com- 
monest of forms of public bacillus spreading. It must be assumed that the 
hit and miss method of enforcement, which has been quite unavoidable, has 
been of effect chiefly for the educational value or publicity material it has 
added to the perennial antituberculosis campaign. Whether or not the re- 
spiratory diseases have diminished partly because of the antispitting laws and 
their occasional enforcement, the presence of such laws on the statute books 
has strengthened the determination of decent folk to establish and maintain a 
cleaner habit of public conduct, and we may safely presume that tuberculosis 
has in some measure been restricted by the limiting of public spitting. 


7. Enforcement of laws and ordinances forbidding the common use of 
such articles as drinking cups, eating utensils, towels, etc. 
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Whether or not originally designed to diminish the spread of syphilis, diph- 
theria, sore throat, the common cold and other diseases possible of distribution 
through fresh or recent moist salivary discharges, or primarily for prevention 
of spread of tuberculosis through common use of toilet, eating and drinking 
utensils, there can be no doubt that where we can cut direct contamination 
from the carrier, the active open tuberculosis patient, to the ever ready and 
susceptible, or but incompletely immunized, child or adult, we must publish 
and enforce ordinances of the character referred to. 

Again it would appear by this means that we accomplish more by the educa- 
tional effect upon the conduct in premises and of services designed for common 
and public use, than we can prove we have done in preventing or reducing the 
spread of any particular communicable disease. Certainly there are no facts 
or records by which the proportionate réle of the ordinances dealing with the 
common use of cups, towels and eating utensils in reducing tuberculosis can 
be proved. As with so many other of our sanitary regulations, they are ac- 
cepted by the public in the interest of common decency without a critical 
proof that they are indispensable to public safety. 


8. The compulsory pasteurization of milk and milk products, except such 
as come from herds or cows proved to be free from tuberculosis. 


Of this great step forward in communicable disease control we can- speak 
with confidence and present some evidence pointing to its specific value. 
Reduction of other forms than pulmonary tuberculosis had not occurred pari 
passu with the latter’s steady fall in New York City until after the consistent 
enforcement throughout the city of the sanitary regulations requiring that all 
milk, except such as is shown to come from cows free from tuberculosis and is 
otherwise of a high quality and produced and distributed under cleanly condi- 
tions, must be pasteurized before it is sold to the consumer. Since this time, 
in 1914, there has.been a notable change in the rate of reduction of the non- 
pulmonary forms of tuberculosis in this city. In 1914 the rate was 27, in 1921 
it was 14 per 100,000 (chart 12). 

That much of the lymphatic, bone and joint tuberculosis has been of bovine 
origin is admitted and, as a specific instance of the change since the general 
pasteurization of 98 per cent of all our city milk supply, instead of finding 64 
per cent of a series of one hundred cases of tuberculous adenitis to be of bovine 
origin, as was the case in 1912-1913, only 16 per cent of a series from the same 
hospital source were found to be of bovine origin in 1917 by Dr. W. H. Park. 
Whether or not adult pulmonary tuberculosis has been affected by reduction 
of the tubercle bacillus content of milk, the reduction of milk-borne bovine 
lymphatic tuberculosis of children is an accomplishment of great and lasting 
importance. 


i 
| 
q 


FALL OF TUBERCULOSIS DEATH RATE 289 


9. Exclusion of parts or all of the carcasses of animals slaughtered for 
food purposes in which gross tuberculous lesions are found before or after 
slaughtering. 


Inspection of meat before and after slaughtering has caused the exclusion of 
much unsuitable meat food from public distribution, but it is very doubtful, 
considering the food habits of the various races and nations represented here, 
whether there ever has been any important risk from tuberculous meat prod- 
ucts. So small a portion of our meat comes from dairy cattle, and the in- 
spection in the Federal inspected slaughter houses is so effective, that there has 
probably at no time in this country been any considerable amount of bovine 
tuberculosis communicated to human beings through eating uncooked beef or 
pork products. We cannot attribute any of the reduction of human tubercu- 
losis of any kind during the past ten years to any change in procedure or in- 
crease in protection against this possible source of infection. 


10. Examination and exclusion of those found to be suffering from active 
or open tuberculosis from indusiries concerned with the handling and serv- 
ing of food. 

In very few places in the United States outside of New York City has the 
systematic or even formal attempt to detect open cases of pulmonary tuber- 


culosis among those engaged in the preparation or serving of food in public 
restaurants, hotels, etc., been carried to a point where any effect upon the 
incidence or deaths from tuberculosis could be presumed to have occurred as a 
result of this measure of sanitary control. 

Since 1915, a considerable proportion of those continuously engaged in food 
handling for the public in New York City, have been examined at the time of 
entering their employment, and a few of these have been examined in succes- 
sive years. There have been detected during this time 388 cases of active 
pulmonary tuberculosis, and 1178 latent or inactive cases among food handlers. 
As a minor element in the plan of official control of tuberculosis this source 
of distribution of the tubercle bacillus can be accepted as having played a very 
small part in reducing infections and deaths. 


11. The control of flies, especially in homes and in hospitals or sanatoria, 
where active open cases of tuberculosis are under care, and where food is 
prepared or served. 


Whether or not any of the sanitary measures directed toward prevention 
of fly breeding, exclusion of flies from access to human excreta and from places 
where the sick are cared for and where foods are prepared or served, have 
actually prevented what must in any event be a very unusual means of con- 
veyance of the tubercle bacillus from the discharges of the sick to the well, 
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we must include fly carrier control as one of the possible means of reducing a 
few of the rarer agencies of infection. Surely no calculable fraction of the 
recent notable reduction of tuberculosis death rates can be attributed to such 
success as has been attained in excluding flies from access to the persons or 
discharges of tuberculous patients. 


ACCESSORY FACTORS 


Of the innumerable accessory factors, more or less definitely recognized 
as instituted for the particular purpose of.preventing tuberculosis by 
protecting the individual at various ages and under many conditions 
against unfavorable conditions of livelihood, environment and nutrition, 
the following appear to be of special importance and to constitute on 
the whole those of definite value: 


1. Reduction in infant mortality and in particular the maintenance of 
the nutrition of infants by breast feeding, unless the mother is tuberculous. 


As the analysis of tuberculosis mortality has disclosed the heavy burden of 
loss among children under fifteen years of age, an increasing emphasis has been 
placed upon those measures directed particularly toward the establishment 
and maintenance of resistance to tuberculosis by normal growth and nutrition 
of infants and children up to the end of school life. The quick results always 
seen from intelligent protective health services among children appear, as 
expected, in tuberculosis. In the past eleven years the number of deaths 
from tuberculosis under fifteen years of age has been halved in New York 
City, and yet during this period the population under fifteen has doubled. 

Among infants the reduction of the mortality rate from all causes has been 
notable, particularly during the past fifteen years. The greatest reduction 
has been in gastrointestinal infections and diseases, by the more general 
adoption of breast feeding, a greater care, system and intelligence on the part 
of well taught mothers in the time, quality and use of supplementary feeding, 
cleanliness in the care of food, bottled milk in particular, and of the child and 
its clothing, and a more nearly universal practice of keeping the infant, as 
nearly as possible, twenty-four hours a day in the open air. 

Furthermore, there has been a material reduction in the deaths of infants 
from respiratory infections other than tuberculosis. 

There is beginning also to be an appreciable effect on infant mortality from 
congenital causes, some obviously nutritional in origin and due to the more 
general and intensive education and protection of the expectant mother 
through the last five months of pregnancy. 

The facilities, in small measure available for care of the babies of actively 
tuberculous mothers when separated from the mother immediately after birth, 
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have also spared a certain number of deaths which have occurred almost uni- 
formly in the first year or two of life among infants allowed to stay under the 
care of and be nursed by a mother with positive sputum and active pulmonary 
tuberculosis. 

Of the accessory factors it would seem reasonable to credit to the causes of 
reduced general infant mortality much of the reduction in deaths from all 
forms of tuberculosis in children under fifteen, and probably to this cause alone 
the greatest share among the nonspecific causes of reduction in tuberculosis 
at all ages. 


2. Nutritional protection and assistance for children, in particular from 
two to six years, and in general for all children until they have attained 
maturity or have left school control. 


Following the same argument that has just been offered, it is believed that 
the rapidly growing interest in the neglected period of childhood, the preschool, 
the runabout or the two to five years’ age, has begun to show results in the 
more uniform growth and better nutrition of the children of the poor, the 
neglected and the ignorant, among whom in the past tuberculosis of bones, 
joints, lymph nodes and lungs has been common. 

No definite evidence can be offered to show that the detection, supervision 
and correction of undernourishment among children has been a major factor 
in the reduction of tuberculosis in New York, but whether among the pre- 
school children or their older brothers and sisters, the pride in and attention to 
normal growth and development, and the striking change in weight and ap- 
pearance of the thousands of children who have been reached by the nutritional 
propaganda and the supplementary school lunch system during the past ten 
years, must have been noted by all interested observers. Certainly the higher 
level of nutritional equilibrium, attained among children up to fifteen years 
of age, must have played a significant part in the diminution of deaths from 
tuberculosis in this age group. 


3. Open air classes for anemic, undernourished and pretuberculous 
children. 


Although but a small part of the group of children, recognized by medical 
school inspectors as in need of special consideration such as can be given only 
under the particularly favorable conditions created in the open air or roof 
classes, has at any time been accommodated in these special classes, those who 
have been provided for have been the special liabilities or greatest risks among 
the entire school population. With even the wholly inadequate five hundred 
open air classes in the public schools of New York City (twenty-five to thirty 
in a class) the children of school age most obviously and seriously handicapped 
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by anemia; by undernourishment and by inactive pulmonary tuberculosis have 
been to a great degree salvaged by the good hygenic conditions granted them. 
When we allow our presumably healthy and normal children as favorable condi- 
tions of temperature, freely flowing outdoor air, rest and good food, as we secure 
for those who are below par, we can promise still further notable reduction of 
‘tuberculosis of childhood, and with no hindrance to their educational progress. 


4. Education in the principles of healthy existence and the natural laws 
upon which growth, development and virogous maturity depend. 


From the inception of the antituberculosis campaign it has been universally 
recognized that without a popular understanding of the principal facts regard- 
ing the cause and spread of tuberculosis and an appreciation of the always 
major part played in individual self-protection by the maintenance of bodily 
vigor and the avoidance of infection, none of the administrative or specific 
measures given under that heading above would attain full success or be sup- 
ported by public opinion and personal action. 

Education of one kind or another pushed to the point of saturation of in- 
terest and attention has been attempted in practically all age groups. In 
rare instances really well-balanced and sound teaching in hygiene is offered in 
schools. All such efforts, adding as they do to create and develop a public 
opinion favorable to a higher standard of living, and, in a way, of personal 
conduct, contribute to the reduction of tuberculosis, and the fact that we can- 
not allocate a percentage of the present favorable results of all measures com- 
bined to the educational work in hygiene of a quarter of a century should in no 
way weaken our confidence in the primary importance and fundamental neces- 
sity of continuing and broadening the scope of our teaching in this field, in 
home, in school, in shop, by appeal to the intelligence, sentiments and public 
spirit, through the eye and ear, and by example. 


5. Housing or tenement house reform, including control of the number of 
persons who may legally occupy certain premises, rooms or apartments for 
residence purposes, and of the exient and character of gainful occupations 
that may be engaged in, in living premises. 


Perhaps the most eloquent though not an accurate statistical argument in 
support of the claims of the tenement house reformers that their work has 
shown to an important degree in reducing tuberculosis, is the fact that during 
the past few years of serious crisis in housing facilities many hundreds of the 
kinds of tenements which used to swarm with dwellers have remained unoc- 
cupied in New York City. 

Here again we have a probable factor in reducing tuberculosis, but one which 
cannot be measured. There are still many dark, interior, windowless and 
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unventilated rooms, occupied as bedrooms by more persons than are permitted 
under the law, but there can be no doubt that the quality of housing has im- 
proved steadily for at least thirty years past in New York City, as in many 
other places. The relation between a high general death rate and high death 
rates in infant mortality and tuberculosis and poor, crowded living quarters 
is now so well recognized and has been proved so satisfactorily, that we must 
acknowledge the debt of the community to those men and women who put 
into law and into effective public policy the standards which have revolution- 
ized tenement or multiple family housing in this country. While construction 
standards have advanced and have in the main been enforced, occupancy 
standards determine the safety of premises from the health point of view, and 
much of the improvement in the tuberculosis death rate which has occurred 
as tenement construction has improved must be attributed in all fairness to 
educators in the standards of home environment. The nurse and the social 
worker have shown how even undesirable premises can be so used as to di- 
minish the hazards of health, and the tuberculosis patient so taught as to 
cease to be a menace to the rest of the household. 

Tenement or housing reform without knowledge and safe standards of living 
cannot by itself be credited with much of the reduction in tuberculosis. One 
careless spitter in a family can make a pest house of a model new-law tenement. 


6. The elimination, by enforcement of laws or by trade regulations and 
agreements, of those conditions in industry which have been shown to con- 
tribute by mechanical or chemical injury of the respiratory tract to the de- 
velopment of tuberculosis among industrial workers. 


It can hardly be said that the accomplishment in this phase of occupational 
hazard control has been either so general or of such duration as to have played 
an important part in the reduction of tuberculosis. 

Where efforts have been made by health officers, industrial commissions, 
or voluntarily by the industries, employer or employees, to reduce hazards of 
pulmonary damage by controlling metallic and siliceous dusts, by reducing the 
hours of work, by providing air, light, cleanliness and freedom from the damag- 
ing presence of chemically irritating fumes, there has been generally the added, 
and it would appear, the more specifically helpful feature of protection in the 
shape of the medical examination of employees at time of employment and 
periodically thereafter. 

There are no competent records of occupational groups over a sufficient 
period of time and with necessary controls to prove that improvement in con- 
trol of definitely damaging dusts in certain industries has reduced the tuber- 
culosis death rate among exposed persons, although the impression is strong 
that such is the case. 
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ACCIDENTAL FACTORS 


In considering the following as accidental factors, it is intended to 
convey the impression that although they either have had or have been 
thought to have had a definite and, in some instances, a major influence 
upon the death rate from tuberculosis in New York City within the past 
ten years, with one exception they were not developed with the object 
of reducing tuberculosis, but rather they proved to be social and economic 
events of a character to cause a reduction of the disease, which always 
reflects in its prevalence the great movements of races, changes in wealth 
and in industry, and pandemics of other diseases. 


1. Racial changes in our population due to unrestricted immigration of 
the Jewish people, especially from Germany, Russia and Poland up to 1914, 
and the limitation of all immigration since that date and more particularly 
since 1917. 


For many years past the tide of immigration to the United States has left 
within New York City and State not less than 17.7 per cent of all those of 
foreign stock making their homes in this country, while during this same period 
New York City’s population has represented but 9.9 per cent of the nation’s 
whole population. Within the past twenty-five years, and particularly since 
1900, the most notable racial change in the city of New York has been the in- 
creasing percentage of those of Jewish stock coming earliest from Germany, and 
latterly more particularly from Russia and Poland, so that the predominant 
foreign stock in some boroughs of the city and in large areas of the largest 
three boroughs of New York has been the Jewish. 

With their fertility and low infant mortality, they have increased rapidly 
after settling here, and their notoriously low death rate from tuberculosis can- 
not fail to have made an important contribution to the falling rate in the 
community as a whole. 

Since 1914, war and restriction of immigration by federal statute have, 
except for a short period (1919-1920), somewhat reduced the flow of the Jewish 
people and of many other stocks with a much less favorabie racial tuberculosis 
death rate. 

It is probable that some of the superiority of New York City’s tuberculosis 
experience as compared with that of other cities, such as Philadelphia and 
Boston, is due to the effect on its population of the influx of a larger propor- 
tion of the Jewish people of European countries, who are blessed with a much 
greater resistance to the disease than is the case with the Irish, German, 
Italian or native born American stocks. 


| 
294 


FALL OF TUBERCULOSIS DEATH RATE 295 


2. War service, by putting under favorable conditions of hygiene and 
nutrition many men of twenty-one to thirty-one who had never had the 
benefit of such care. 


The records of the Surgeon-General of the Army show unmistakably that 
the result of army training and regimen upon our young men was to cause 
increase of chest expansion and girth, increase of weight and no increasein the 
incidence of tuberculosis. However, a comparison of the reduction in the 
tuberculosis death rates of various age groups in the population of New York 
City before and after the war shows that while the reduction between the rates 
of 1910-1911 and those of 1919-1920 was 36.6 per cent among those under 
nineteen years, the decrease in those of twenty to thirty-four years was 34.2 
per cent, and among those thirty-five and over was 37.4 per cent, a difference 
that cannot be considered significant one way or the other, but certainly cannot 
be interpreted as showing a contribution by those drafted or enlisted in the 
army to the reduction in tuberculosis which throughout this period was notable 
at all age groups. 


3. Expansion of indusiry, high wages, shorter hours, more continuous 
employment (1915-1919), with resulting increase in expenditures for hous- 
ing, food and clothing. 


Grinding poverty has at no time for any long period (that is, not for more 
than a year at a time) affected the population of New York City, within the 
past fifty years, in spite of the periods of depression and nonemployment 
which have appeared almost with the regularity of epidemics of communicable 
diseases. 

Since 1915 a period of unexampled prosperity, affecting especially the wage 
earner and those who have in general always lived at or even below a safe 
standard of housing, nutrition, clothing, etc., has put into the hands of the 
working men and women of the country sums of money from which they have 
been able to obtain not only the necessaries of life, but in a measure the luxu- 
ries, and at the same time to add to their savings amounts which have tided 
them a long way over the period of nonemployment which we are now passing 
through. 

In spite of the extravagance of some and the wastefulness of many, it has 
been a matter of common knowledge that the comforts of life, the conveniences, 
the extra food, clothing, recreation and rest upon which much of bodily resist- 
ance to disease appears to depend, have been obtained and generally available 
to an extent never before possible to so large a proportion of our population. 
The standard of living has seemed to be substantially raised by the greater 
well-being and comforts purchasable by the higher income of the laborer and 
the wage-earner of all kinds of trades and industries. 
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Of all the factors and events, whether specific, accessory or accidental, 
which have been considered as bearing a part in reducing tuberculosis mortality 
in the past ten years, it is believed that this has been the most potent and the 
most general in its effect throughout the country. 


4. Prohibition, limited July, 1917, general January 16, 1920. 


From a time many years before the war until the entry of the United States 
into the struggle, there had been a steadily increasing opinion, lay and medical, 
in favor of moderation in the use of alcoholic beverages and a conviction that 
its place as a stimulant or medicament had been greatly overstated in the 
past. 

Prohibition first confined in its application to men in uniform, and later 
generally effective because of the necessary limitation in the use of foodstuffs 
for the manufacture of alcoholic beverages, and finally by the application 
generally of the constitutional amendment on January 16, 1920, has caused 
the most important alteration in dietary habits that has been experienced in 
this country. Furthermore, the discontinuance of legal commercial traffic 
in alcoholic beverages for other than medicinal purposes, which formerly 
involved an expenditure by the consumers of approximately $2,500,000,000 a 
year, has released most(probably four-fifths) of this amount for other-purposes, 
for savings or for improvement of the quality of housing, clothing and food. 
That much of the money formerly turned into the saloon has gone to the pur- 
chase of more and better clothing and food for women and children of wage 
earners, has been the testimony of the dry goods and grocery stores since pro- 
hibition went into effect. 

There is no sufficient evidence to offer to the effect that the discontinuance 
of the use of alcohol by the tuberculous, or by those of the particularly sus- 
ceptible types or races, has caused a higher grade of resistance to the disease, 
but all our experience with the disease tends to show that better housing, 
clothing and food have resulted in more resistance to tuberculosis. It is 
unnecessary to invoke the probable decided advantage of not having alcohol 
constantly affecting the circulation, the digestion, the nervous‘system and the 
resistance to various infections of a large portion of the population, in view of 
the more prominent economic effects upon the manner of living which have 
followed beneficially upon the release from the wastage of expenditures for 
alcoholic drinks. 

That prohibition has by indirection elevated the standard of living, by 
prolonging the period of prosperity and by neutralizing the effects of the years 
of nonemployment, and that women and children have, benefited by the 
investment of the weekly wage of the man of the family in food and main- 
tenance instead of in liquor, can, it is believed, be maintained with entire 
justice. 
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Prohibition, or prior to that a great reduction in the general use of alcoholic 
beverages, is believed to have shared with general prosperity to a great extent 
in causing the fall in the tuberculosis death rate since 1914. 


5. Influenza, 1918-1919. 


A study of the weekly mortality returns of New York City during the periods 
of influenza prevalence shows less than the usual seasonal increase in deaths 
from pulmonary tuberculosis for the times of year, and a relative drop in tuber- 
culosis death rate coincident with the tremendous increase in deaths from 
influenza. 

From knowledge of the conditions which prevailed at the time, one cannot 
help suspecting that deaths occurred due to influenza which masked or at least 
permitted a preéxisting pulmonary tuberculosis to go undiscovered, with the 
result that many, who would have died of pulmonary tuberculosis within the 
past four years and have been reported as such, died of influenza without rec- 
ord of the simultaneous tuberculous involvement. 

Only a more detailed study of changes in tuberculosis death rates among 
those age groups chiefly affected by influenza will bring a conclusive answer 
to the suspicion that influenza did play a part in the recent reduction in tuber- 
culosis mortality, and that part of this effect is due to the errors in certification 
of deaths, inevitable during such a catastrophe. 


6. Climate. 


Although the particularly favorable climatic conditions which prevailed in 
a large area of the Atlantic seaboard during the fall, winter and spring of 
1920-1921 may have contributed to the unprecedented drop in the tuberculosis 
death rate in the past year, we cannot credit fundamental changes in tempera- 
ture, wind or humidity during the past decade with any share in the acute and 
steady drop in the mortality rate from tuberculosis during this period. 


SUMMARY 


What lessons can we read from such a review of fact, opinion and 
argument? 

Certainly we cannot afford to slacken our efforts to establish and 
promote the use and development of all specific resources for cutting off 
channels of transmission of the tubercle bacillus, by clinical and bacterio- 
logical diagnosis, by learning the whereabouts and condition of cases of 
the disease, by segregation through institutional or home nursing care, 
by controlling spitting and the common use of drinking, eating and toilet 
utensils, by the pasteurization of milk and by the inspection of food- 
stuffs, examination of food handlers, and control of fly breeding. 
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With perhaps even more public support and the enlistment of a great 
variety of interested groups, we must attempt a further reduction of 
maternal and infant mortality, protect children against undernourish- 
ment and the effects of poor ventilation, lack of sleep and too early 
engagement in wage-earning. We must teach the simple laws of health, 
the precautions required for those who must live under urban conditions, 
and the protection required to avoid occupational hazards. 

But after all our specific and accessory factors have been employed, we 
shall still in all probability fall short of the full possibilities of applied 
medical and sociological effort if we do not put our utmost weight on the 
side of economic justice to the wage earner, a more generous sharing of 
the profits of industry with the producer, and for a continuation and 
practical completion of protection against commercial exploitation of the 
greatest of all racial poisons, beverage alcohol. 

We have scarcely touched the surface of the industrial element in 
tuberculosis control, and our indifference to the teachings of the modern 
science of nutrition can be dissipated only by persistent and widespread 
education. . 

It is probably not too much to say that in the next twenty-five years 
as great a percentage of reduction in tuberculosis can be attained as has 
been accomplished in the past fifty years, by adding to our methods 
and resources those which will build up bodily resistance by providing for 
and following a higher standard of living, and those which will diminish 
the hazards of occupation and of occupancy. 

We must expect a slackening in the rate of reduction as the effects 
of the influenza epidemic subside, but if employment on a good level of 
remuneration is reéstablished, and the reaction against the Eighteenth 
Amendment subsides, there seems to be no good reason to doubt the 
continuance of a decline in tuberculosis mortality in this country at a 
rate at least as rapid as has prevailed for the past twenty years in the 
United States or in Massachusetts or New York City. 
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A SANATORIUM-HOME TREATMENT PROGRAM FOR 
TUBERCULOSIS PATIENTS! 


H. A. PATTISON 
From the Medical Service of the National Tuberculosis Association, New York City 


Mortality statistics are rarely considered to have front page news 
value. The tuberculosis death rates for the past two years have been 
a striking exception. To begin an article now with a statement of the 
death rate is therefore giving old news. Received at first with startled 
surprise and some doubt, we hold to the established facts with a sense 
of comfort and lively hope for the future. A few months ago some of 
our lay workers were wondering if they must not soon seek other fields 
to conquer. A little reflection must convince them that the battle 
is only well begun. The hugeness of the task yet to be accomplished 
may well challenge the attention of the nation and the best efforts of 
all who can give to it any part of their time and substance. Let us 


once again review some of the figures. The mortality rates for the 
registration area of the United States Census Bureau for eight of the 
years beginning with 1904 are as follows: 


Death rate from tuberculosis (all forms) per 100,000 population 


202.6 1917 
167.6 1918 
149.7 1919 
142.1 1920 


With a population of 82,601,392 in 1904 the estimated number of 
deaths for the country was 167,350. The population of the United 
States in 1920 was 105,683,108 and the estimated number of deaths 
therefore about 120,690 or about 46,660 less than in the year 1904 among 
a population 23,000,000 greater. 

If the tuberculosis mortality rate in 1904 had obtained in 1920 there 
would have been 83,423 more tuberculosis deaths in 1920 than the 
estimated 120,690 deaths. Still another pleasing fact is that during 


1 Presented at the annual meeting of the California Tuberculosis Association, Oakland, 
California, February 3 and 4, 1922, 
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1921 the rate has continued to fall. Returns thus far received indi- 
cate that the rate for the year may fall to 100 per hundred thousand. 

This is all very cheering, but there is a reverse side of the shield not 
so shining. According to estimates based upon experiences of those 
conducting the demonstration at Framingham, of life insurance com- 
panies, of the United States Government in the draft, tuberculosis 
surveys, Clinics, etc., there are one million living active cases of tuber- 
culous disease in the United States and one million latent potential 
cases. 

To provide for the treatment of this enormous number of really ill 
people there are in this country not more than 64,000 sanatorium beds. 
The number of beds in general hospitals for the reception of people sick 
with tuberculosis is negligible. Granting a possible turnover of three 
persons per bed annually the 64,000 beds take care of only 192,000 
cases. ‘There remain over 800,000 active cases which would be benefited 
by a period of sanatorium regimen. 

It is impossible to make even an approximate estimate of the number 
of these nonsanatorium cases that are under treatment. Many of 
them pass through general and tuberculosis dispensaries. Of the latter 
there are perhaps 650 in the United States. There are no reliable sta- 
tistics as to the number of cases which present themselves and are found 
to be tuberculous. It must be remembered also that a large percentage 
of the sanatorium cases have first been dispensary cases. 

Many are under some kind of treatment, good, bad or indifferent, 
by private practitioners. Every physical examination drive, large and 
small,—Framingham, Michigan Survey, Army draft, traveling clinics, 
etc.,—uncovers a surprisingly large number of hitherto undetected 
and even unsuspected cases. 

Space will not permit a discussion of the need and methods for the 
“round-up” of all cases. Granting that all cases could be located what 
shall be done with them? To give them even four months of sanatorium 
care (and with our present machinery for follow-up service, four months 
are wholly inadequate) would require the establishment of at least 
250,000 more beds at an average cost of $2,800 per bed or a total of 
700 million dollars. In the presence of the rapidly declining death rate 
it is neither desirable nor possible to urge successfully upon public 
authorities such a heavy construction program. 

‘Discussing the public control of tuberculosis, Stygall refers to the 
segregation of lepers and typhoid carriers and outlines a possible pro- 
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gram of wholesale examinations of the population by state health de- 
partments, the segregation of advanced cases in colonies, compulsory 
sanatorium treatment of early cases and the isolation of bed-fast cases 
in special wards in general hospitals. Maintaining that if such a program 
as this would control the disease it would be worth while, he readily 
admits that it “‘is, of course, visionary and would have the opposition 
of one million consumptives and their families.” 

Segregation is a broken reed upon which to lean. Limited separation 
in the sanatorium and the home, made possible by the slower processes 
of community education and demonstrated by past accomplishments 
to be practicable, is the alternative which must be followed. 

The sanatorium remains to-day the best method of teaching tuber- 
culosis. That it is ideal no one claims. That it restores to health and 
economic independence a small percentage of cases is a fact. Evidence 
that this statement is true will be found in another article in this number 
of the AMERICAN REVIEW OF TUBERCULOSIS prepared by the statistical 
service of the National Tuberculosis Association. 

Further evidence is found in the following table which presents the 
reports for a recent year of the discharges from eight sanatoria, six 
being philanthropic and two county institutions. These, it is believed, 
are fairly typical of the country. 


SANATORIUM TOTAL APPARENTLY NOT 
NUMBER DISCHARGED ARRESTED TMEROVED || CONSIDERED 


255 33 141 33 
368 50 105 31 
159 22 73 31... 
114 
495 
56 
217 
169 2 


1,833 97 


Per cent... 5.3 


This state of affairs as indicated by the preceding paragraphs does 
not constitute a sound reason for the condemnation and discarding of 
the sanatorium. It indicates that the institutions devoted to the care 
of the tuberculous are receiving a large percentage of far advanced 
disease, that many recoverable cases remain too short a time, that the 
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environment after discharge is inimical to all too many, and that the 
sanatorium does not completely perform all of its therapeutic functions, 

Actual medical treatment is a small part of the complete sanatorium 
program. Education of the patient and his family is a larger essential. 
With no cure for an essentially chronic disease the victim must know 
how to live with it. He must undergo “conversion” as to his physical 
and mental habits as must the prospective Christian as to his moral 
habits. The sanatorium becomes for him a school of life. ‘‘The treat- 
ment of pulmonary tuberculosis demands little knowledge of drugs 
but much about the immediate and prolonged education of the patient. 
Whatever advantages the sanatorium and the class system and certain 
physicians possess, and they are many, lie in the fact that these institu- 
tionsarereally teaching institutions and the physiciansare educators.”’ (1) 
There is in California a sanatorium that is named the Colfax School of 
Tuberculosis and there has just been opened at Jacksonville, Illinois, 
the Academy of Health. All this seems very trite perhaps to the seasoned 
campaigner but those who have visited any considerable number of 
our sanatoria will admit that it is a lesson not yet learned. 

.Even those sanatoria that long ago recognized the need of education 
of the patient as an accompaniment of medical and nursing care soon 
found that these together were not enough. Unless there is follow-up 
service, “‘pastoral visits” if you please, the convert almost surely “back- 
slides” into his old habits of life. Tuberculous persons, more than 
almost any others, are victims of their environment. It is always diffi- 
cult to be different. It requires constant supervision and stimulation 
for the man with arrested disease “to do those things he ought to do 
and to leave undone those things he ought not todo.” It is true through- 
out the three Masonic divisions of the day, eight hours for sleep, eight 
hours for work and eight hours for rest and recreation. 

The sanatorium being our best method of managing the tuberculous, 
but there being too few beds and the function of education not yet fully 
developed nor a system of follow up service thoroughly organized, it 
is obvious that we are confronted by the following immediate needs: 
1. more sanatoria; 2. better educational methods at sanatoria; 3. more 
rapid turnover of patients; and 4. adequate supervision of cases after 
discharge. 

1. Sanatoria. The formula, one bed for each annual death, seems at 
present a sound basis for a construction program. It is generally recog- 
nized that when there has not been developed a public health nursing 
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and dispensary service and an enlightened public opinion, beds in a 
community equal to the number of annual deaths cannot be filled. On 
the other hand, a thoroughly organized and educated community would 
produce a waiting list for this number of beds. We need not hesitate, 
therefore, to advocate for selected localities sanatoria that will bring 
the total number of beds to nearly twice their present number. 

2. Education. Education of patients is far from being a well or- 
ganized program. In many sanatoria the patient gets his information 
in desultory fashion by general reading, brief conversations with the 
doctor and gossip with other patients. There are available splendid 
books and pamphlets, but generally no give and take question and answer 
class methods of instruction. This need is so thoroughly appreciated 
by Robinson Bosworth that he proposes to give the problem an impor- 
tant place on the program of the next Mississippi Valley Conference. 

3 and 4. Turn over and supervision. The next two immediate needs 
lead me to the main purpose of this paper, a discussion of a program for 
standardized home treatment of the tuberculous. 

Briefly, the proposal submitted by the writer to the American Sana- 
torium Association at Rochester, New York, in December, 1920, and 
unanimously approved at the meeting in June, 1921, was that an ex- 
periment in home treatment for selected cases in the incipient and mod- 
erately advanced stages be attempted in various cities of the country 
under conditions laid down by the American Sanatorium Association 
and the National Tuberculosis Association. 

When ready for discharge each case will be returned to the prepared 
home for complete treatment under the care of a physician trained in 
tuberculosis and the public health nurse. The standards to be followed 
cover hygienic and social conditions, and medical and nursing care. 
The standards of medical care will not be such as to limit the physician 
in the practice of his profession, but will require only that he follow the 
lines of approved practice, use no nostrum, nor conduct any medical 
research experiments. He as well as the nurse will be required to make 
monthly reports of the progress of the case which will be observed until 
the case is fully reéstablished in a productive occupation. 

Advanced cases are excluded from the group because the purpose of 
the demonstration is the restoration to health and economic indepen- 
dence of those for whom there is reasonable hope of success. Moreover, 
the principles involved in the medical and nursing care of patients 
afflicted with far advanced tuberculosis are practically those for the 
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management of patients desperately ill with any other disease, especially 
communicable diseases such as typhoid fever or pneumonia, and no fur- 
ther demonstration is needed. 

Coéperating associations will be asked to develop the experiment 
with group units, a unit being the number of cases one nurse can care 
for adequately during one week. Each association will be responsible 
for its own experiment in getting cases, securing such aid from other 
sources as may be necessary for the patient to meet the standards of 
home conditions, diet, equipment, etc. The local association will be 
responsible to the National Association for the maintenance of stand- 
ards and for reports, so that they may be counted in the tabulation 
of statistics and credited in the report of the whole study. 

The minimum length of stay at the sanatorium for the purposes of 
this demonstration, that is, three months, was determined upon after 
very careful consideration of medical opinion. The proposal that a 
definite program of home treatment be inaugurated by the National 
Association was also based upon a careful review of the literature. Under 
“home treatment” I include those cases that are under the direct treat- 
ment of a private physician skilled in the management of the tuber- 
culous, those who attend dispensary and “home classes” (Pratt and 
Sloan) and those in home hospitals (New York Association for Improving 
the Condition of the Poor). 

It is hoped that as educational methods in the sanatorium are more 
fully developed and follow-up service better organized, a shorter period 
in the sanatorium, say two months, or even six weeks, may be possible. 

The tentative standards submitted to and approved by the special 
committee of the American Sanatorium Association are presented here- 
with. They are, of course, subject to revision from time to time as 
experience may indicate. 


STANDARDS FOR HOME TREATMENT 


Instructions: The group unit 
1. Shall consist of suitable cases of definitely active tuberculosis in first 


and second stages of the disease without regard to prognosis. 
2. Members of the group must subscribe themselves willing to carry out 


the physician’s orders faithfully. 
3. They must have at least three months’ treatment and education in a 


sanatorium before taking up home treatment. 
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4, They must not exceed the number that can be efficiently cared for 
by one nurse, 

5. They shall be supervised or followed up for a period of four years. 
This observation shall include the periods of activity of disease, convales- 
cence and physical and industrial rehabilitation. 


Home surroundings: 

1. There must be present no environmental factors detrimental to the 
patient’s health and recovery, such as excessive smoke, soot, poisonous gases 
or careless disposal of garbage, etc. Where such conditions are found, re- 
moval of the family to a better location is imperative. 

2. Where location of residence can be chosen or the surrounding condi- 
tions improved, much benefit will be gained to the patient if sufficient of the 
aesthetic features as well as those of convenience can be secured. 


House: 

1. No patient will be treated while he is living in the basement of a house. 

2. A separate room must be provided for each bed patient, with provision 
for outdoor sleeping, or at least ample ventilation of room must be secured. 
Minimum window space should be 25 per cent of wall space. 

3. A separate bed must be provided for every ambulant or semiambulant 
patient, and separate room provided if possible. 

4, Every room must have an outside window, and the patient’s. room 
must have at least one window on each of two sides, or a window on one side 
and a door to porch or outside on another side to insure free circulation of 
air. 

5. Records must show in which room in the house each member of the 
family sleeps and whether he sleeps alone or with what other member or 
members. The record of these facts is provided for in the basic family chart 
supplied. The separate room used by the patient must not be used for other 
purposes, must be suitably arranged and must not be “cluttered up.” 


Medical examination: 

1. Medical examination of each member of the family must be made and 
results charted before the patient returns home from the sanatorium. 

2. Examination of the patient must be made at least every six weeks 
during the activity of the disease and, for the first year after arrest, every 
three months, for the second year after arrest every four months, and after 
this period twice a year. 

3. Examination must be made of each child in the home at regular and 
frequent intervals during the carrying out of this program. The weight of 
each child must be taken monthly and charted. 
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Dietetic measures: 

1. The requirements of the proper diet should be determined by confer- 
ence of the physician and nurse with a dietitian, if one is available. The 
ideal method of determining the food need and costs is based upon the know- 
ledge of the actual number of calories required to feed each individual in the 
family. The number of calories needed varies with and is dependent upon 
conditions of age, work and health. These factors have been accurately 
measured, standardized and tabulated and are available for practical appli- 
cation. Sample charts and budgets as successfully used in the Home Hospi- 
tal Experiment will be supplied on request. 

2. Expert advice in preparing the budget for food, needs and costs and 
practical demonstrations in the home or through classes for housewives needing 
these, should be arranged for whenever needed and wherever possible. 

3. It may be possible to interest and to secure the services of instructors 
from the home economics departments of high school, municipal housekepers, 
dietitians, and demonstrators from State Agricultural Colleges or the U. S. 
Department of Agriculture. These teachers could be utilized in the homes of 
those needing instruction or the members of patients’ families might be in- 
duced to enter the nutritional classes if any such are available. 


Hygienic measures: 

It is required that patients shall carry out the measures of personal hy- 
giene as taught in the sanatorium and by the doctor and nurse supervising 
the case. 


Sanitary measures: 

1. Patients are directed to use separate dishes which should always be 
immersed in a pan of boiling soapy water immediately at the close of meals. 
This is generally done by the patient himself, if he is an ambulant or semi- 
ambulant case, since by doing so he assumes and meets his part of the respon- 
sibility in preventing infection. Patients’ dishes must be washed and dried 
separately from the family dishes. 

2. Patients’ clothing with bedding should be boiled the night before 
washday, and washed and laundered in the usual manner with the family 
laundry. Washable laundry sacks must be used to handle clothes and bed 
linen of the patients. 

3. Sputum must be completely destroyed by fire whenever possible. 
Liquid sputum must be thoroughly mixed with some readily burnable material, 
such as sawdust, etc. In case there are no facilities for thoroughly destroying 
sputum by the burning process, the physician supervising the case will in- 
struct the patient as to the best method of its thorough disinfection and proper 
disposal, 
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4, General sanitation is best effected by methods of thorough cleanliness 
known to all good housekeepers, such as plenty of sunshine, free currents of 
air, frequent use of scrubbing brush, soap and water and vacuum cleaners, 
to get rid of dust. Where vacuum cleaners are not available a damp cloth 
must be used for dusting, and boiled or disinfected after use. Sweeping of 
floors should be done with a damp mop or a broom with a damp cloth tied 
over it. After use mop or cloth must be soaked in a disinfectant and hung 
in the sunshine when not in use. 

5. All causes of financial worry must be removed fram the patient and 
family. Where personal and family resources are inadequate to carry out 
the treatment as outlined, these resources must be supplemented in such a 
manner as to enable the family to live in a decent and respectable manner 
above the minimum comfort level. 


Medical requirements: 
1. The physician who is to supervise each group of cases must have had 
special training in the diagnosis and treatment of tuberculosis. 
2. He may be one of the sanatorium staff where the patient has taken 
his preliminary training for home treatment; he may be connected with a 
local tuberculosis dispensary; or he may be a general practitioner. 
3. If the physician is a local practitioner without special training, he 


must secure special training before he takes charge of the group. 

4, There will be no interference with the physician’s practice. However, 
he must treat along accepted lines, not using new and untried remedies, nor 
experimenting upon his patient, nor may he use any secret formulae in his 
treatment. 

5. For the purpose of having standard records and nomenclature, special 
suggestions to physicians are to be offered. They will be detailed in subse- 
quent memoranda. 


Sanatorium requirements: 

1. These groups shall be cared for in sanatoria that meet at least class 
B requirements of the American Sanatorium Association. (Copy of stand- 
ards sent on request.) 

2. The sanatorium shall assume the responsibility of properly instructing 
the patient in the formation of proper health habits and in the observation 
of personal hygiene and those sanitary measures necessary for the patient’s 
welfare and the safety of others. 

3. The sanatorium shall also assume the responsibility of educating the 
patient, either by individual instruction or by the group or class lecture method, 
in the fundamentals underlying both the treatment and the prevention of 
tuberculosis. Suggestive topics for talks or lectures are as follows: 
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a. Tuberculosis: prevention, nature and incidence of the disease. 

b. Infection: childhood infection, adult infection, infection as dis- 
tinguished from disease. 

c. Hygienic Measures: disposal of sputum, control of coughing and 
sneezing, forming of proper health habits. 

d. Symptoms: interpretation of symptoms to patient and his relatives; 
importance of different symptoms. 

e. Simple instruction regarding the anatomy and physiology of the 
lung, illustrated if possible. 

f. Treatment: fundamental factors, such as rest, food, fresh air, disci- 
pline and sirict regimen, proper mental attitude, etc. Supplemental factors, 
such as exercise, including walking, graduated work, occupational and voca- 
tional therapy, climate, etc. Incidental factors, such as drugs, tuberculins, 
artificial pneumothorax, sun treatment, hydrotherapy, massage, etc. 

These and other allied and important subjects should form the basis of 
the intimate informal talks given to the members of these group units. 

4, Outline talks will be offered from time to time by the National Tuber- 
culosis Association. 


Nursing Requirements: 

1. The nurse in charge of the group must have had actual experience 
and training in public health nursing and also in the care of the tuberculous 
sick, as follows: - 

a. She must have had at least a four months’ course in public health 
nursing or, in lieu thereof, practical training under the supervision of a nurse 
properly qualified according to the standards of the National Organization 
for Public Health Nursing. 

b. She must have had not less than two months as nurse in a tubercu- 
losis sanatorium of class A or B. 

c. Or she must have had not less than six months’ practical work in a 
tuberculosis dispensary. In case the nurse has had no sanatorium experi- 
ence she shall be required to spend not less than one month in one of the sana- 
toria where members of the group are being trained. 

d. Every nurse shall be required to make herself fully acquainted with 
the personnel of the sanatorium staff and routine of treatment where the 
group members are treated and trained. 

2. The nurse shall instruct some member of the family or other person 
to give such bedside care as is necessary and to carry out any other instruc- 
tions of the physician which do not require knowledge or skill of a trained 
nurse, thus leaving her freer to perform her educational and supervising duties 
as a public health nurse. 
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Social service work: 

When necessary that social conditions should be determined by a speci- 
ally trained social service worker, it is suggested that the worker should not 
revisit patients unless absolutely necessary. If she revisits it should always 
be in company with the nurse in order to avoid confusion and the upsetting 
of the routine of treatment. 


Occupational therapy: 

Where occupational therapy is desirable and available, or possible, it 
must always be under the direct supervision of the physician in charge of the 
case, and the occupational therapist should work in close codperation with 
the nurse. In some communities, occupational therapists are doing home 
work among those confined to the house. Work with small looms, basketry, 
beadwork and other handicrafts will undoubtedly promote beneficial results 
in patients. Further information will be furnished from time to time upon 
this subject. 


Requirements for the local tuberculosis organizations: 
1. They shall select upon recommendation of the physician and nurse 
the members of the group unit. 
2. They shall choose and make arrangements with sanatoria (not lower 


than class B) for the admission of the members of the unit. 

3. They shall appoint the physician and nurse and other workers necessary 
for the carrying out of this program, and be responsible for meeting the cost 
of their services. 

4. They shall be responsible for seeing that the program as outlined by 
the National Tuberculosis Association is carried out in detail. The ways and 
means of securing the best results under the existing circumstances are left 
entirely in the hands of the codperating organizations, subject to the funda- 
mental conditions of the general program. 

5. They shall furnish for and forward to the National Tuberculosis Asso- 
ciation all data required by them for record and statistical purposes of the 
study. 

6. The entire expense of the project shall be met by the codperating 
organizations supervising the group, except the expense of forms necessary 
for filing with the National Tuberculosis Association, which shall be furnished 
by the National Tuberculosis Association. 


Records: 
The success of any piece of research or demonstration service depends 
upon the completeness of data and the conscientiousness and accuracy with 
which they are secured and permanently recorded. The National Tuber- 
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culosis Association will provide, at nominal cost, uniform history and report 
cards with instructions for the guidance of those who are codperating; also 
general supervision of the program through correspondence and field service. 
The basic family chart and the medical history records are shown herewith. 


The benefits to be derived from a sanatorium-home treatment ex- 
periment, such as is here so briefly outlined, are numerous. 

First: To the patients themselves and their families. We shall find it 
easier to get many patients to go to the sanatorium if we can say to 
them that by “playing the game,” and following the rules of treatment 
laid down, we will return them to their homes in three or four months, 
and give them as nearly as possible the same expert care provided at 
the sanatorium. It will bring standardized, intensive instruction and 
direct supervision into the homes, and thus lead to much better living 
conditions. It will make it easy to observe other members of the family 
and discover early those who may have active disease. 

Second: To the sanatorium staffs. In most sanatoria at present the 
cases are lost sight of upon discharge. Nothing is known of end results 
unless the case, reactivated, returns to the same institution. It will 
be a source of satisfaction to the staff to know that these patients, when 
discharged, will be under strict medical and nursing supervision. It is 
not believed that the period of sanatorium treatment will be unwisely 
shortened by this procedure. In many cases the patient will remain 
longer because of the promised medical care at home. 

Third: It will be of great benefit to the general medical profession. It 
is not strange that there has been a great deal of indifference toward 
tuberculosis among physicians, when we consider that the average phy- 
sician feels that about the only thing he can do for his tuberculous 
patient is to advise him to secure a change of climate or enter a sana- 
torium. When physicians know that tuberculosis cases are to be re- 
turned to their homes after a period of sanatorium treatment, and that 
some of the physicians in the community are to be called in to take care 
of these cases, and have their fees guaranteed, it will certainly stimulate 
their interest. 

Fourth: Such a program will doubtless lead to an increase in the num- 
ber of public health nurses, and a wider knowledge of and interest in 
tuberculosis by nurses. It is possible that such an experiment could 
be conducted in rural as well as urban homes, with a consequent in- 
crease in the number of rural public health nurses. 
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Fifth: The program will be a contribution to the general tuberculosis 
movement. It will give an opportunity for more intensive family 
and social study. Almost without the knowledge of the patient or his 
family, the nurse will be gathering data on the economic cost of tuber- 
culosis. She will be guided in this study by the instructions and blanks 
prepared and furnished by the National Association. The visiting 
nurse can secure valuable data of this sort that could be gained in no 
other way. There will be opportunity to observe the results of home 
treatment under various climatic conditions, at different altitudes, 
and among different social conditions. It will give a better opportunity 
to follow cases right on into industry and to study end results. 

In further reference to post-sanatorium care I should like to revert 
to the subject of the sanatorium and its failure thus far to reach its 
highest usefulness. This shortcoming is flagrantly manifest in regard 
to the occupations of patients. Only during the past two or three years 
has occupational therapy found a place in any considerable number of 
sanatoria. Often the occupations prescribed are merely diversional 
or avocational in character with little thought given to how they may 
be made to serve the future vocational needs of the individual. Advice 
on occupation after leaving the sanatorium, if given at all, has been 
largely empirical. 

It will sooner or later, be everywhere recognized as the duty of sana- 
torium and dispensary staffs to study the whole man to determine his 
moral and intellectual as well as his physical status—to bring out his 
latent possibilities and guide him into those occupational channels 
that will make it possible for him to support easily himself and his family 
above the minimum comfort level. 

“No step in life, unless it may be the choice of a husband or wife,” 
says Frank Parsons, ‘‘is more important than the choice of a vocation. 
The wise selection of the business, profession, trade, or occupation to 
which one’s life is to be devoted and the development of full efficiency 
in the chosen field are matters of the deepest moment to young men and 
to the public. These vital problems should be solved in a careful, 
scientific way, with due regard to each person’s aptitudes, abilities, 
ambitions, resources, and limitations, and the relations of these ele- 
ments to the conditions of success in different industries” (2). 

Guiding principles for the sound vocational counsel of the tuberculous 
are being sought by the Industrial Research Section of the National 
Tuberculosis Association which has been at work since last September. 
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Methods for applying these principles must be devised. It is obviously 
impossible for the small sanatorium to employ a trained vocational 
adviser and it is unlikely that the usually overworked clinician will 
become sufficiently familiar with industrial operations and processes 
to be very expert. Much may be accomplished by a three-cornered 
conference group, comprising physician, occupational therapy worker 
and patient. 

Another method of studying the problem of industrial rehabilitation, 
as well as a method of general post-sanatorium supervision, is offered 
by Dr. Allen K. Krause. His suggestions would seem to present great 
possibilities for reducing the period of sanatorium treatment, intensi- 


fying the education of the patient, studying his individual traits and 


aptitudes, determining his physical and mental capacity, and sending 
him on to his home in much better form for home treatment or employ- 
ment. The proposal is that there be opened in the country within 
commuting reach of our cities well sheltered camps where selected cases 
from sanatoria or dispensaries live under regulated conditions while 
working at their regular occupations. Many arrested cases already 
back in industry would find in such camps a haven of rest for brief periods 
when threatened with relapse; or, while engaged in their work in the city, 
they could make these medically supervised camps their homes for 
varying periods during the first critical years that follow discharge from 
sanatoria. 

Without the necessity for providing infirmary care or extensive diag- 
nostic equipment the per capita cost of development and maintenance 
of such a camp would be considerably less than for sanatoria. For the 
purpose of experiment, Krause suggests that a summer camp might be 
leased at comparatively low cost and used during six months of the year. 
Throughout nearly the whole country the climate would favor its opera- 
tion for this period annually.” 


2 The beginnings of such a camp are to be found at the Tomahawk Lake Camp for Tubercu- 
losis Convalescents, concerning which the Crusader of the Wisconsin Tuberculosis Association 
(May, 1921) makes the following statement: Situated near Tomahawk Lake, Oneida County, 
in the State Forest Reserve, in the heart of the summer resort country of Northern Wisconsin, 
reached by the Chicago and Northwestern Railway to Tomahawk Lake Station, thence by 
wagon three miles overland or by gasoline launch via the Tomahawk Lake route. Buildings 
comprise administration building and cottage for patients, boathouse, farm buildings and 
cement power plant with second floor fitted as an open air pavilion for amusement. In 
addition to the institution grounds of 65 acres, there are 400 acres which are gradually being 
developed into a farm by the patients. The Camp’s slogan is Graded Labor Permits Self- 
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PATIENTS MEDICAL CHART 


LOCAL ASS’N Local No 

Name STATE ASS’N National No. ‘ 

Address NATIONAL TUBERCULOSIS ASSOCIATION 

Instructions: V =Yes O=No — Unknown, Not Applicable Do not leave spaces blank Write answers in full whenever possible 

PREV. MED. HIST.| 2 COMPLICATIONS |PREV. MED. HIST. 2 3 PRESENT SYMPTOMS |0CCUR REMARKS PRESENT OCCUR REMARKS 

INFANCY AND 3 § = 8 PROLONGED CONVA- LATER LIFE o2 Ps} CATIONS, SEQUELAE _LASSITUDE BOWELS movements 
CHILDHOOD | § 2 |LESCENCE, SEQUELAE] “Run-down"Debilitated” Constipation 

Breast - Fed PNEUMONIA COUGH Diarrhea 

BOTTLE - FED INFLUENZA Hoarseness Seat Comat Dia. 

RICKETS Bronchitis Expectoration Other Symptoms 

MEASLES Asthma Scanty WEIGHT RECORD ADULT LIFE 
Chicken - Pox Hay Fever Moderate Highest Weight Lbs, When 

Whooping-Cough Typhoid Fever Copious Lowest Weight Lbs, When 

Diphtheria Rheumatism Dyspnoea Regular Weight Lbs, 
. Scarlet - Fever Malaria - FEVER Lost Weight Lbs. in months 
FREQUENT COLDS NEURASTHENIA NIGHT SWEATS USES FOLLOWING 

Croup HYPERTHYROIDISM Chilliness Alcohol Mod. Excess |} 
Tonsillitis FISTULA Pain in Chest Tobacco oe Med. --——— Excess 4 
ENLARGED GL’DS Gonorrhea Loss of Appetite — 
RUNNING EARS Syphillis Digestive Disturbances KNOWN EXPOSURE TO INFECTION 

Robust Appendicitis Nervous Instability When 

Delicate Operations RAPID LOSS WEIGHT = How = 

BONE DISEASE Other Diseases SPITTING BLOOD DIAGNOSIS BEFORE CCNT. WITH CO-OP. ASS'N 
JOINT DISEASE No. of Pregnancies Frequent Diagnosis 

Other Diseases No. of Miscarriages HAEMORRHAGE When ~\ 

Date of First Pregnancy When Where r 
Date of Last Pregnancy Amount By Whom 
PHYSICAL EXAMINATION CHEST MOVEMENTS, Normal LABORATORY FINDINGS SUMMARY, CHEST FINDINGS 

Gen. Appearance Restricted Lagging Sputum As to Dullness, Rales, Breath Sounds, Fluid, Cavity 
Skin Scars SPINE Wassermann i 

Clubbed Fingers HEART j “Blood 

Eyes Pupils Blood Vessels Urine 

‘Ears GENITALIA Stools 

Nose RECTUM Tuberculin Reaction Subcutaneous 7 | 

Teeth Gums Urinary Von Pirquet’s DIAGNOSIS 

Tongue EXTREMITIES Other Tests Classification (N.T.A.) 
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Only three short years ago, the writer used the phrase, “the ultimate 
elimination of tuberculosis as a ubiquitous disease,’ and was charac- 
terized as altogether too optimistic. Now, no one seems willing to 
guess the irreducible minimum. Lack of faith in ultimate victory does 
not produce a very valiant fighter. Offering only limited industrial 
rehabilitation or mere domiciliary care with final sepulture for the 
majority of the casualties with no hope of ending the war is deadly to 
morale. It may account, in a measure, for “‘the dead level of medi- 
ocrity”’ into which, as one well known physician expressed it, the campaign 
was drifting during the years just preceding the World War. 

We have every right to the belief that the campaign methods of the 
last fifteen years have been a large factor in the reduction of the death 
rate. With a well organized national army of trained workers in every 
state, we have a further right to faith that the same methods further 
developed and intensified will contribute to the continued fall in the 
mortality rate. 

The writer’s thanks are due to Dr. Edgar T. Shields, Medical Field 
Secretary of the National Tuberculosis Association, for help in working 
out the details for home standards and charts. Acknowledgment is 
also made to the Statistical Service and Library of the National Associa- 
tion for assistance with the statistical and biliographic references. 


Note: An appendix containing a bibliography and abstracts of papers pertinent to the 
plan embodied in the above article has been prepared, and may be obtained by application to 
the Supervisor of Medical Service, National Tuberculosis Association, 370 Seventh Avenue, 
New York City. 
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(1) Brown, L.: Tuberculosis theses, Amer. Rev. Tuberc., 1917, i, 193. 
(2) Parsons, F.: Choosing a vocation, Houghton, Mifflin Co., Boston, p. 3. 


Support and its course of muscle hardening labor and supervised outdoor recreation is aimed 
at this result. Therapeutic work is graded to conform to the condition of the’ patient from 
day to day. Construction of new patients’ cottages which has been planned and for which 
appropriation has been made will increase the capacity to 60. Other improvements planned 
are a refectory building, including dining room, kitchen and quarters for employees, enlarge- 
ment of the power house and a workshop with a view to instructing patients in manual 
training. Men patients only received. In addition to convalescents, very incipient cases 
are accepted for treatment. 
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SANATORIUM FOLLOW-UP STUDIES 


DOROTHY E. WIESNER 
From the Statistical Service of the National Tuberculosis Association, New York City 


Many sanatoria in the United States are codperating with the National 
Tuberculosis Association in a follow-up study of patients. In deter- 
mining the methods to be used and findings to be ascertained a study 
has been made of follow-up statistics, in the attempt to see what infor- 
mation may be considered possible of tabulation and to compare these 
important points. Thirteen studies of sanatoria in the United States 
and three of sanatoria in England have been tabulated. The former 
include 12,708 cases; those of 3 English sanatoria comprise 2,043 cases. 

The first point was to ascertain how many of the discharged patients 
were living at the time of the investigation. Some studies gave this 
information in a way that the number surviving at the end of each year 
could be determined. Some gave a single table showing the number 
surviving at the time of follow-up only; these studies presented data for 
periods varying from one to twenty years. The percentage of those 
living, disregarding length of time since discharge, varied from 85 to 35 
per cent, but a tendency to approximate 50 was noticeable. The average 
of these percentages for sanatoria in the United States was 52. This 
means that there was about an even chance of a patient’s living after dis- 
charge from a sanatorium. It must be remembered that this includes, 
with two exceptions, patients entered and discharged in all stages, living 
from one to twenty years after discharge, and from all economic classes. 
A recent tabulation made in the office of the National Association from 
1920 figures of condition on admission shows that 50 per cent entered 
sanatoria as advanced cases. 

To determine the effect of length of time after discharge on this even 
chance of living, the reports that gave the cases surviving by years were 
selected. Nine sanatoria at the end of 5 years gave statistics of 2,561 
patients. Of these, 49 per cent were living at the end of five years. At 
the end of ten years, of 520 patients traced by 4 sanatoria, 26 per cent 
were living, and at the end of fifteen years, of 89 patients traced by 1 
sanatorium, 15 per cent were living. . 
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TABLE 1 
Comparison of mortality of general population and ex-sanatorium patients 


GENERAL POPULATION EX-SANATORIUM PATIENTS 


Dead on basis of number Number of years out of Deaths of patients dis- 
alive at age 30 sanatoria charged and followed-up 


per cent years per cent 


TABLE 2 
General summary of results shown by the sixteen reports studied 


CONDITION AT TIME OF STUDY 


Living 


Non- 
productive 


DATE OF 
DISCHARGE 


Total living | Productive 


SANATORIA 


PERCENTAGE OF CASES DIS- 
CHARGED WHOSE CONDI- 
TION WAS UNKNOWN 


NUMBER OF CASES (EXCLU- 
SIVE OF UNKNOWN CASES) 


DATE OF FOLLOW-UP 


American sanatoria 


* 


602} 1897-1904 | 1906 126) 476 
1885-1905 | 1906 873) 48] 958 
326) 1904-1909 | 1910, 140) 43] 186 
517} 1902-1905 | 1911) 337; 65 | 180 
478; 1891-1911 | 1912) 190) 40] 288 
59} (14 years) | 1913 9 15 50 
323} 1906-1912 | 1913) 103) 32] 220 
2,105} 1907-1912 | 1913, 700} 33 |1,405 
913} 1912-1914 | 1916 475) 52] 438 
1904-1912 | 1917; 396) 51] 380 
238} 1911-1915 | 1917, 61) 26] 177 
2,886) 1906-1916 | 19181,807| 63 |1,079 
1,654; 1909-1914 | 1918) 883) 771 


COONAN RP 


{12,708 6,100} 48 |6,608 


English sanatoria 


215] 1901-1905 | 1909} 101] 47] 114 
1,707| 1907-1914 | 1916 751] 44] 956 
121) (4 years) | 1921) 30, 25] 91 


Total. ..} 2,043 882} 43 |1,161 


* Apparently Cured cases at discharge. 
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Age 
31 0.1 1 37 
32 1.3 2 4h 
33 2.0 3 42 
34 4 42 
35 4.0 51 
40 8.0 10 74 
45 12.0 15 85 
| 
Dead 
3 o a 3 
a a a a a 
bs 79 | 414) 69 62} 10 | 23 
52 | 531) 29 | 427) 23 | 15 
57 | 141] 43 45} 14 | 68 
35 | 155) 30 25} 5 | 19 
60 8 
85 16 
68 | 150) 46 70} 22 | 6 
67 |1,037| 49 | 368) 18 | 54 
48 | 312) 34 | 126} 14 | 13 
10 49 | 364| 47 16} 2] 5 
11* 74 | 156} 65 21; 9 | 27 
12 37 | 813) 28 | 266) 9] 6 
13 47 0.5 
Total . 52 |4,073| 39 |1,426) 13 * 
53 | 99 | 46 15} 3 
56 4 
75 | 76} 63 15} 12] 3 
57 | 175) 52} 30 | 15 
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TABLE 3 


SANATORIA 


NUMBER OF CASES (EXCLU- 
SIVE OF UNKNOWN CASES) 


DATE OF 
DISCHARGE 


DATE OF FOLLOW-UP 


CONDITION AT TIME OF STUDY 


Living 


Total living 


Productive 


Non-| 
productive 


PERCENTAGE OF CASES DIS- 
CHARGED WHOSE CONDI- 
TION WAS UNKNOWN 


One year afte 


discharge 


1904-1905 
1905-1906 
1910-1911 
1911-1912 
1913-1914 


1906 
1907 
1912 
1913 
1915 


33 
40 
682 
76 


10 | 308 
27 | 107 
40 {1,002 
46 89 
45 161 


37 |1,667 


wn 


Two years after discharge 


1903-1904 
1909-1910 
1910-1911 
1912-1913 
1914-1915 


1906 
1912 
1913 
1915 
1917 


164 
167 

30 
298 
339 


47 | 184 
20 | 664 
24 96 
52 | 278 
59 | 232 


998 


41 |1,454 


| 


Three years after discharge 


1902-1903 | 
1908-1909 | 
1909-1910 | 
1911-1912 | 
1913-1914 | 


1906 
1912 
1913 
1915 
1917 


26 | 235 
16) 472 
28 53 
54 | 270 
64 | 198 


41 |1,228 


wm 


Four years after discharge 


1901-1902 
1907-1908 
1908-1909 
1910-1911 
1912-1913 


1906 
1912 
1913 
1915 
1917 


102 
58 
11 


35 | 187 
12 | 434 
15 63 
55 | 251 
65 | 194 


42 |1,129 


wn 
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| Dead 
1 341| | 90 | 83| 24 | 225| 66 
2 147 | 73} 61 | 17] 12 
3 1,684) 60 | 43 | 278| 17 
4 165) | 54| 50] 30 | 39] 24 
5 134 55 | 91/31} 70| 24 
Total......| 2,632} 965 63 |1,038| 39 | 629] 24 
1 348 53 | 34] 67] 19 
2 831 80 | 506] 61 | 158] 19 
3 126 76| 62149} 34] 27 
4 576 48 | 194| 34| 84] 14 
5 571 41| 30| 64] 11 
Total......| 2,453 59 |1,047| 43 | 16 
1 319) $4 74| 150| 47| 85| 27 | 
2 90 84| 3751 67| 97] 17 
3 74 21 41156] 12] 16 
4 587| 317 46 | 199] 34| 71] 12 
5 551 | 353 36 | 149] 27| 49] 9 
Total... .. | 865 914| 44 | 314] 15 
1 289) 65 | 42| 65] 23 
2 492) 88 | 73 | 74| 15 
3 74 85 | 481 65 | 15] 20 
4 561) 310 45 | 195| 35| 56] 10 
5 353 35 | 159/29; 35] 6 
Total......} 1,963 | 834 58 | 45 | 245| 13 
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TABLE 3—Concluded 


CONDITION AT TIME OF STUDY 


Living 


Non- 
productive 


DATE OF 


DISCHARGE 


Total living | Productive 


SIVE OF UNKNOWN CASES) 
CHARGED WHOSE CONDI- 
TION WAS UNKNOWN 


PERCENTAGE OF CASES DIS- 


NUMBER OF CASES (EXCLU- 


DATE OF FOLLOW-UP 


Five years after discharge 


1899-1900 | 1906) 136 138 
1904-1905 | 1909} 13 36 
1907-1908 | 1913) 6 75 

1909 1913} 176 223 
1908-1909 | 1915) 316 210 
1910-1911 | 1917) 113 181 
1910-1911 | 1917) 339 192 
1911-1912 | 1917; 16 24 
1912-1913 | 1918) 198 169 


1,313 1,248 


| 


Ten years after discharge 


1894-1895 | 1906} 106) 76 34 
1901 1909} 38) 65 20 
1905-1906 | 1917} 101) 69 45 
1906 1917} 139) 79 37 


384, 136 


Fifteen years after discharge 


1 | 89 1889-1890 | 1906| 76| 85 | 13| 15| 10 11 | 3| 4| 39 


*Discharged as Apparently Cured. 


The time of greatest hazard, therefore, as shown by these percentages 
(49, 26 and 15) is the first period of five years following discharge. This 
first period was studied by single years. At the end of the first year, 
37 per cent of the discharged patients were dead; at the end of the second, 
41 per cent; at the end of the third, 41 per cent; and at the end of the 
fourth year, 42 per cent. These figures are not unquestionable consid- 
ered separately, but they do show very clearly that the hardest year is 
the first, with its mortality of 37 per cent. This fact is recognized, of 
course, and explained in various ways. The most frequent explanation 


323 
Total 2,561 _ 49 | 872) 40 | 207] 9 
1 140 24 30] 21 4| 3 
2 58 35 19} 33 1] 2 
3 146 31 42| 29 = 3 
4 a 21 31] 18 6| 3 
Total......] 520 | 26| 1221 23| 141 3 
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is the difficulty of adjustment from the sanatorium to outside living and 
working conditions. Another source of mortality in the first year is 
the unauthorized discharge of patients needing further treatment. A 
more complete recognition of this first year mortality is the first step 
toward attacking the problem. 

Many of the statistical reports divided those living into well and alive; 
able to work and not able to work; productive and unproductive; or in some 
similar way. At the end of the first year, the 63 per cent living were 
distributed thus: 39 per cent productive and 24 per cent unproductive. 
At the end of the second year, 43 per cent were productive and 16 per 
cent unproductive. At the end of the third year, 44 per cent were pro- 
ductive and 15 unproductive. At the end of the fourth year, 45 per cent 
were productive and 12 unproductive. The tendency of the unpro- 
ductive percentage continues to diminish with greater length of time 
after discharge. It is probable that these unproductive people died, but 
the fact that the percentage of the unproductive diminishes indicates 
that few who were once well handed in reports in later years saying 
that they were sick. 

The studies from which these figures came vary in methods, nomen- 
clature, and disposition of questionable cases. Ex-patients whose con- 
dition was unknown, in other .words whom the sanatorium could not 
find after discharge, are another possible source of variance. In all 
probability, the greater the percentage of patients whose condition was 
unknown, the less the value of the report as an index. Furthermore, 
the studies were made by different people and had to be fitted together. 

Some of the reports, even when they gave the figures by years, were not 
explicit in saying how they reckoned their years. Patients out less than 
six months are probably counted as out a year, and on the other hand, 
some out twenty months are counted in the first year. These varying 
methods make the figures and percentages partially uncertain. Never- 
theless, comparisons with normal figures are a temptation. The per- 
centages for the general population are taken from the United States 
Life Table of 1910. Age thirty was used to approximate the age of 
sanatorium patients. 

That these comparisons are discouraging cannot be denied. That 
they disclose nothing new to tuberculosis workers also cannot be denied. 
But they do emphasize again the high mortality of the first year in a 
startling way. 
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A NOTE ON THE PRACTICE OF ARTIFICIAL PNEUMO- 
THORAX BY THE HIPPOCRATIC SCHOOL! 


ALLEN K. KRAUSE 


From the Kenneth Dows Tuberculosis Research Fund of the Medical Clinic of the Johns Hopkins 
Hospital and University 


It is quite likely that few of us ever open Thomas Young’s book on 
Consumptive Diseases. Published in 1815, its complete title is A 
Practical and Historical Treatise on Consumptive Diseases, Deduced from 
Original Observations and Collected trom Authors of All Ages. That the 
author’s name is associated with tuberculosis should be a source of 
pride to all who take an active interest in the subject. The same man 
gave his name to “ Young’s Modulus” and the Young-Helmholtz theory 
of color perception. He discovered the mechanism of the crystalline 
lens and formulated the best theory of tides. The universality of his 
genius is attested by authoritative investigations on “‘ship-building, 
gas-lighting, standardization of the seconds pendulum and the imperial 
gallon, longitude and life insurance.”” He was a famous Egyptologist and 
the decipherer of the Rosetta Stone. Garrison characterizes him as 
“the most highly educated physician of his time,” ‘‘probably the hand- 
somest of all the great physcians,” and “one of the greatest men of 
science of all time.” To Helmholtz he was “one of the most clear- 
sighted men who ever lived.” 

When Young wrote his book he was a Fellow of the Royal College of 
Physicians and Physician to St. George’s Hospital. In his Preface he 
states that he has tried to include “every fact of importance” which he 
was “‘able to observe, or find recorded, with respect to the nature and 
cure of the diseases belonging to a single genus.” The book will not 
bore you. It will give you a new sense of how many of our modern 
methods and principles are only rediscoveries of what were put forward 
generations ago. 

At page 117 one is startled to find Young mentioning a method of 
treatment for adhesive pleuritis which he refers to the Hippocratic 


1Presented at the 39th annual meeting of the American Climatological and Clinical 
Association, Washington, D. C., May 4, 1922. 
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School and which in every essential is that of artificial pneumothorax. 
The citation sent me scurrying to the original source and in section 59 
of the second book of “On Affections,” as found in Littré’s bilingual 
text of Hippocrates I found the passage mentioned by Young. We 
are so accustomed to date the inception of the idea of artificial pneu- 
mothorax from Forlanini’s first work of forty years ago, that I deem this 
habit sufficient apology to rescue from an oblivion of more than two 
thousand years a distinct familiarity with the principle of the method. 


59. 1°O xhevpov meoomeaty to Hv 
co mheupov BIE toyer xa: olalov 
Aceuxdv, xat td xat ro toyer, xat 
mpooxelusvoc, xat Soxder te xat 
xevtéouaty xat pdobAnc, xat thy 
xat ent piv td novéov dvéystar ext 
pov, xal Goxger dik Totrov Aovery 
Ste tHe FHudens, xal xat ex 
vlvov Aevxdv xecavvde xat wert SAtyov, xat ‘xapmov 
xat xevtauping, Stele yAtapov xxtapbo- 
pave’ xat to é¢ Sdoxeiov xu- 


ext to bytes, xak tov yudov xat 
~ 7 
mtvewv olvov “Hy 762 2x yévnzat ty 
’ 
~ , 
mhavar tis sictévar Zou, *xat 


xal droldery Obru uc hiata. 


Fic. 1. Text or Section 59 or Boox II or “On AFFECTIONS” 
From Oeuvres complétes d’Hippocrate, E. Littré, vol. vii, Paris, J. B. Bailliére, 1851. 


In the section of Hippocrates referred to we read as follows: 


The lung inclining against the side. When the lung inclines against the side, 
the patient has a cough and is orthopnoeic; the expectoration is colorless; and 
he has pain in the breast and back. The lung is thrust outward, pressed 
closely to the side. The sick man feels as though a weight were in his chest. 
Sharp stabbing pains assail him; a leathery bruit is heard; and breathing is 
restrained. The patient can endure lying upon his painful side but not upon 
his sound side, for it then seems to him as though a weight were suspended 
from his side and that he breathes through his chest. . . . . Oneshould 
constrict the chest with a band, when the patient will lie upon his sound side. 
. . . . [If this affection results from a wound or, as sometimes happens, 


| 
} | 


NOTE ON ARTIFICIAL PNEUMOTHORAX 329 


from an incision for empyema one should attach a pipe to a bladder, fill the 
bladder with air and send the air into the interior of the chest. And one should 
insert a solid pewter sound and push it forward. It is by this method that 
you will get the very best results. 


Littré believes that by the expression “the lung inclining (or falling) 
against the side,” Hippocrates means empyema,—that this was his 
name for the disease. He quotes Fournet to the following effect: 


In some cases of operation for empyema and in a great number of cases 
of pleurisy, a pleuritic friction rub testified to a drawing together of the two 
pleural surfaces. In one of our patients it was a more certain sign than 
auscultation or percussion afforded; the lung was in contact with the sides; 
but its periphery was so markedly indurated that there resulted great obscurity 
of the chest tones and a marked diminution of breath sounds; and these two 
circumstances led us to the erroneous belief that the lung was kept at a distance 
from the side by a layer of fluid. 


Littré continues that “without a doubt, in cases of operations for 
empyema and of opening the chest, it was the movement of approxima- 
tion of the lung to the sides which suggested to Hippocrates the idea of 
calling this disease ‘The Lung Falling Against the Side.’” 

At any rate, the therapeutic method described is plainly that of 
inflating the chest with air, and we must believe that it was actively 
practised. Young’s comment leaves no doubt that more than a hundred 
years ago he, for one, partially grasped the underlying principle of the 
procedure; for he remarks that ‘however extraordinary the practice 
appears, it is not impossible that it might be beneficial where the adhesion 
was not such as to prevent the collapse of the lungs, allowing the wounded 
parts to reunite more readily than in the natural process of respiration, 
since they would be more intimately in contact with each other, though 
not more at rest.” Alas, the last phrase indicates that he missed the 
real rationale of the procedure. Perhaps, though, the ancients did not, 
but were alive to the fact that relative rest of respiration would result 
and to its importance. That they may have been is borne out by the 
advice in the same section to constrict the chest with external bands, 
though the context would seem to show that this was done primarily 
to relieve pain. Yet this therapeutic aid is also one that is latterly 
being revamped in a variety of guises. 
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I am not at all clear as to what is meant when it is advised to insert 
a sound and push it forward, unless it be to push the lung away from 
the chest wall so as to allow the inflow of air. 

In his schema of the Hippocratic Collection, Francis Adams places 
all four books of the treatise ‘On Affections” among the ‘works cer- 
tainly not written by Hippocrates,’ but “about contemporary with 
Hippocrates” and of unknown authorship. He remarks that ‘‘almost 
all the modern authorities . . . . . concurin rejecting the whole 
four as spurious.” Dioscorides, the Commentator, believed that the 
second book, which contains the passage we have resurrected, was 
written by Hippocrates the Younger, the grandson of the Father of 
Medicine, and this opinion was shared by Galen. Littré placed the 
part ‘On Affections” among the writings of the Coan School, of con- 
temporaries or disciples of Hippocrates. It seems certain, therefore 
that the paragraph which we have had under discussion records a method 
in practice as early as the fourth century B. C. 
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CLINICAL AND X-RAY FINDINGS IN THE CHESTS OF 
NORMAL CHILDREN! 


The National Tuberculosis Association, some time ago, began a new 
and important phase of its work in an attempt to increase the quantity 
and character of research work in problems related to its own field in 
the United States. For this purpose it appropriated $20,000 and 
appointed a small committee composed of Dr. Wm. Charles White, 
Medical Director of the Tuberculosis League of Pittsburgh, Dr. Paul 
A. Lewis, Director of Laboratories of the Phipps Institute, Philadelphia, 
and Dr. Allen K. Krause, Director of the Kenneth Dows Tuberculosis 
Research Fund, Johns Hopkins Hospital, to expend these funds to the 
greatest advantage. 

This committee decided that the best use of the funds would be in 
assisting researches already under way that held the greatest promise of 
increasing the practical knowledge of physicians dealing with tuberculosis. 
This, they considered, would bring the greatest help to those suffering 
from tuberculosis and the greatest boon to the public from whom the 
funds were collected. This plan has been carried out in codperation with 
the universities. 

One of the researches was an effort to establish the X-ray and clinical 
findings in the chest of the normal child up to ten years of age. For this 
problem the National Tuberculosis Assocation nominated the following 
groups of roentgenologists and clinicians: 

Dr. H. K. Pancoast and Dr. H. R. M. Landis of the University of 
Pennsylvania. 

Dr. F. H. Baetjer and Dr. C. R. Austrian of the Johns Hopkins 
University. 

Dr. H. K. Dunham and Dr. K. D. Blackfan of the University of 
Cincinnati. 

The signed reports of these physicians are here presented in two sec- 
tions with the hope that they may promote a discussion which will be 
fruitful in establishing the truth in these two fields. 


1A report of studies made under a grant from the National Tuberculosis Association 
and presented at the eighteenth annual meeting of the Association, Washington, D. C., May 6, 
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CLINICAL AND X-RAY FINDINGS 


REPORT OF CLINICAL GROUP 


The value of roentgenography in determining the presence of pulmon- 
ary disease has long been recognized. Studies to determine the roent- 
genograms of various pathological lesions of the lung have been almost 
without number, yet much difference of opinion exists in the interpreta- 
tion of findings, largely because no satisfactory observations have been 
made to establish the variations that may normally occur. To one 
observer, shadows noted are indicative of disease; to another, they are 
not evidence of a pathological process; to one, they represent lesions of 
clinical significance; to another, they suggest changes of no moment. 
Realization of this unsatisfactory state of affairs has been widespread, 
but it remained for the Research Committee of the National Tuber- 
culosis Association seriously to consider it and to set about to correct its 
shortcomings. 

In the spring of 1921, that Committee called together the collab- 
orators in this work and instructed them to set about in ways of their 
own choosing to solve the problem, extended to them a financial grant 
and, in order that the problem might be a very definite one, asked that the 
immediate study be limited to a consideration of the chests of normal 
children between the ages of six and ten years. The work was begun 
promptly and a preliminary report was made at the annual meeting 
of the Association in May, 1921. The findings at that time were in- 
complete and, because of the then limited observations, no very definite 
conclusions were drawn. However, the practical need of a solution 
of the problem was apparent. Study was continued throughout 1921 
and the first four months of 1922, and the data independently assembled 
were jointly discussed to evaluate them. Although each pair of workers 
carried on its investigations without intergroup consultation, although 
each approached the subject from a different angle and when first met 
held views apparently not altogether in accord, it was agreeable to find 
that an exchange of conclusions disclosed almost an unanimity of opinion. 
The findings of these six observers, three clinicians and three roent- 
genologists, are herewith presented to you for your consideration. 


Theoretically, the normal child is one of ideal height, weight and 
development for its age, without subjective or objective evidences of 
deformity or of disease and without residual changes due to antecedent 
pathological processes. Practically, a normal child is one of average 
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height, weight and development for his age, symptom-free and without 
signs of disease. Each such individual, in more or less relation to his 
age, will have been ill more or less often and, as a consequence, may be 
expected to show variations from the ideal, not because of present disease, 
but as a result of residual changes that persist. An appreciation of these 
facts makes it apparent that the findings, clinical and roentgenographic, 
in normal children as we meet them will vary greatly from any fixed 
standards and still must be considered as variants of normal. 

The clinical data dealt with in this report were obtained by careful 
examination of apparently healthy children between the ages of six and 
ten years. All children who showed signs of disease were excluded 
from the series. Individuals from various strata of society, foreign 
and native born, residents of urban and of rural communities, school 
children and children residing in institutions, children exposed to tuber- 
culosis and some without a history of such exposure, children with and 
without a history of previous infectious diseases, all symptom-free and 
of an approximately normal height and weight for their ages, were studied. 
A history of each individual was recorded and, in making the examinations 
of the chest, care was always observed to have the child relaxed and to 
see that no cramped or unnatural posture was assumed, for, as is well 
known, faulty position may lead to findings that cause confusion in inter- 
pretation. In addition, a tuberculin test was made on every child. The 
clinical data were then assembled and, after the roentgenologist had 
interpreted his plate independently, the clinical and roentgenographic 
findings were correlated. In all, over 500 children were thus studied 
and, as a result, some definite conclusions seem warranted. 

As in the adult, so in the child vocal fremitus is more marked over the 
right upper chest than over the left. 

It is generally stated that the percussion note, elicited over the lungs 
of normal children within the age limits under consideration, is fuller, 
more tympanitic, of higher pitch and more resilient than that noted over 
those of adults, and that frequently the tympanitic quality is quite 
outspoken, especially over the lower lobe of the left lung. Although in 
general our observations confirmed this view, we have been impressed 
by the fact that, in an appreciable number of such children, the note ob- 
tained on percussion over the lungs is indistinguishable in quality from 
that elicited over the lungs of normal adults and that the usual resilience 
of the note is lacking. These findings in many instances have an ana- 
logue in shadows noted in the X-ray films, shadows indicative of increased 
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density along the bronchial tree, similar to those seen in the plates of 
normal adults. This correlation of the findings on physical examination 
and on X-ray study is more constantly possible in studies of the upper 
half of the chest. When minor changes, similar to those discovered by 
X-ray examination of the upper lobes, occur in the bases, they usually 
escape detection on physical examination. In those instances in which 
no shadow is found to explain the deviation of the note from the generally 
accepted one, it is our belief that the lack of resilient quality may be due 
to a decreased elasticity of the chest wall. 

The so called tympanitic quality of the percussion note over the left 
base may be increased, decreased or entirely lacking, depending upon 
the degree of distention of the stomach or colon, and the curvature of 
the spine, and may likewise vary with the position of the diaphragm or 
with the posture of the child during the examination. The note over the 
upper thorax is often the same on the two sides. Kronig’s isthmus 
averages 5 to 6.5 cm. in width. The lower margins of the lungs 
posteriorly are at the level of the 10th or 11th rib and descend from 1.5 
to 3.5 cm. during forced inspiration. 

A just detectable diminution of resonance over the apical regions is of 
no significance unless associated with a modification of the breath sounds 
in those areas or with other abnormal auscultatory findings. 

It is generally accepted that normally in childhood the breath sounds 
have a harsh, sharper character, with expiration longer and better heard 
than in the normal adult. This so called puerile breathing is physiolog- 
ical and, though it may seem trite, let it be emphasized that this exag- 
gerated vesiculobronchial respiratory murmur, especially well heard in 
the areas overlying the great bronchi (that is, anteriorly at the level of 
the first interspace and the second rib just lateral from the sternal mar- 
gins, and posteriorly, particularly on the right side, at the level of the 
2nd to the 4th spine) is often incorrectly interpreted as evidence of pul- 
monary disease. An auscultatory finding that has not been pointed out, 
or at least, has not been emphasized, has come forcibly to our attention 
in carrying out this study. Just as the full, deep note or higher pitch, 
characteristically elicited by percussion of the child’s chest, is often 
replaced in health by a note more like that produced when one percusses 
the normal chest of an adult, so, on ausculatation of a child’s normal 
lungs, the exaggerated or puerile breath sounds may be lacking and, 
instead, the so called vesicular respiratory murmur characteristically 
present in adult life is heard. This finding, regarded by us as a physio- 
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logical variation, has been noted as early as the age of four years and 
may perhaps occur in younger children. It is more readily appreciated 
and more often found than the variation in the percussion note just 
described. In more than 50 per cent of the children in which this type of 
breathing was heard, examination with the X-ray gave findings like those 
obtained by a study of normal adult chests. In fact, the agreement of 
clinician and roentgenologist was so constant that we have come, on the 
basis of these variations, to designate the chest of normal children as of 
“‘puerile” or of “adult” type. The essential fact to be stressed is that 
so called vesicular respiration is heard with great frequency in normal 
children, and is to be regarded as a variation of normal and not necessarily 
as an indication of disease. 

These variations and those of the percussion note are more generally 
found in children with a history of infections of the respiratory tract. 
No satisfactory explanation for this finding is offered. It may be due in 
part to altered resilience of the chest wall, a suggestion supported by the 
fact that, in some instances in which it was noted, diminished elasticity 
of the thoracic wall was apparent on percussion. It may stand in rela- 
tion to variations of elasticity of the parenchyma of the lung. It may 
be due to a relative narrowing of the lumen of the bronchial tree. It is 
hardly to be considered evidence of increased density of respiratory tissue, 
for, theoretically at least, this should lead to a modification toward 
bronchial breathing. 

Concerning the whispered voice sounds, little comment needs to be 
made other than to emphasize their loud transmission often with syllaba- 
tion over the region of the major bronchi. Auscultation of these sounds 
over the upper thoracic spine of the children has led to the conclusion 
that D’Espine’s sign, as indicative of enlarged tracheobronchial lymph 
nodes, is, to say the least, of doubtful value. In 23 of the children, this 
sign was elicited without other signs of a mediastinal mass and without 
any corroborative evidence on X-ray examination. In 3, the sign could 
not be elicited, although from the X-ray plate it might have been in- 
ferred that it should be. Eustace-Smith’s sign is so generally present in 
normal children that it is of little or no practical diagnostic worth. The 
presence of these two signs, together with impairment of resonance in 
the interscapular region, is all too frequently made the premises for a 
diagnosis of tuberculosis of tracheobronchial lymph nodes. This is 
unwarranted for, as indicated, these signs are unreliable evidence of a 
pathological condition and the determination of a diminution of reso- 
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nance in the interscapular region requires such a nicety of technique that 
even masters of percussion disagree as to the presence or absence of 
significant findings in this region of the chest. 

A year ago, in the preliminary communication to this Association, 
we stressed the importance of the réle that antecedent infections might 
play in the production of areas of increased density within the respiratory 
tract (bronchial tree, parenchyma of the lungs, etc.). This fact is 
reémphasized, for further study has established the importance of it. 
Not only may recognized or remembered infections of the bronchi and 
lungs be responsible for alteration in these tissues, but other diseases 
not ordinarily considered of significance in this regard may cause such 
changes. For example, our observations indicate that after measles, 
pertussis or tonsillar infections, areas of increased density, radiating 
from the hilum into the bases especially, occur with great frequency. 
Such lesions generally are not discoverable on physical examination and 
would be unsuspected but for the use of the X-ray. They are referred 
to in the clinical part of our joint report in order to point out the need 
of a careful history as well as examination of all individuals, before 
proceeding finally to interpret the findings of the roentgenologist. By 
way of digression, it may be interesting to point out the fact that, though 
measles and pertussis have been known to produce lesions in the upper 
air passages, involvement of the lower tract has been considered a com- 
plication and was thought to occur only when evidence of bronchitis 
or of bronchopneumonia was discovered. Our observations indicate 
that there may be a mild inflammatory process throughout the respira- 
tory passages in a large percentage of the so called uncomplicated cases 
of these diseases. This suggestion warrants further study in relation 
not only to the infections under consideration but also other infectious 
diseases. ‘That such shadows, mediastinal and basal, noted in children 
who give a history of uncomplicated measles and pertussis, are evidence 
of healed processes is indicated by the experience that similar shadows | 
of like origin have remained unchanged and without the development 
of clinical symptoms in a series of children observed from three to five 
years. Such changes must be properly evaluated as indices, not of 
present disease, but of lesions past and healed, not as warrant for the 
diagnosis of present illness and the institution of treatment, but as 
scars of infections met and overcome. 

Most of the children included in this study were tested with tuber- 
culin. Some were given a cutaneous test with old tuberculin (Pirquet): 
others were tested by the intracutaneous method (Craig). 
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The foregoing facts have been detailed at some length to establish the 
major thesis that, clinically, the ideal, normal child is a hypothetical 
impossibility. Children, apparently healthy, symptom-free and active, 
show on careful examination many deviations from fixed standards, 
variations that must be interpreted as within physiological limits; 
standards of height and weight must be elastic; measures of resonance 
and of resilience of the chest must not be rigid and estimates of acoustic 
phenomena must permit of a range of difference from the ideal. These 
facts clinical experience establishes beyond peradventure; and they 
suggest a corollary, namely, that X-ray examination of the chest of 
such children may be expected to show comparable deviations from a 
fixed ideal roentgenogram. 

The studies reported, fortified by past experience, warrant the follow- 
ing conclusions: 

1. The data obtained on percussion and auscultation of the lungs of 
normal children show wide variations from a fixed standard. These 
variations are usual and are considered to be within normal limits. 

2. Inasmuch as the changes referred to are often dependent upon 
alterations that persist as the residua of past infections of the respiratory 
tract, it is obvious that a careful anamnesis, with special reference to 
all infections, is necessary if diagnostic errors are to be avoided. Even 
a carefully taken history is often unreliable, as minimal infections are 
soon forgotton by many, and among the unintelligent classes even more 
significant indispositions are not readily recalled. 

3. Failure properly to evaluate these deviations from a fixed standard 
will often lead to the unwarranted diagnosis of disease and to even less 
justifiable treatment. 

4. With a proper appreciation of the widest variations that the normal 
may present from the ideal, the informed clinician is better able correctly 
to understand the findings of the roentgenologist, and each, codperating 
with the other, is less liable to error. 

5. D’Espine’s sign, as indicative of enlarged tracheobronchial lymph 
nodes, is of little value. 

6. Recognition of and familiarity with the foregoing data are of cardi- 
nal and practical importance for every patient, potential and established. 
Without a proper appreciation of the facts set forth, no intelligent 
differentiation between a normal and an abnormal respiratory tract can 
be made. 
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In brief, to establish the presence or absence of disease, it is imperative 
that all data, clinical, laboratory and roentgenographic, must be 
evaluated and correlated, and that no one fraction of the evidence be 
‘stressed to the exclusion of the others. 
(Signed) C. R. AusTRIAN, 
H. R. M. LAnpis, 
KENNETH D. BLACKFAN. 


May 6, 1922 


REPORT OF THE X-RAY GROUP 


It is generally conceded that one of the most important factors in 
accurate interpretation of the appearance of morbid processes in the 
roentgenogram of the thorax is a thorough familiarity with the normal 
and variations therefrom within normal limits. With a full realization 
of this in view the National Tuberculosis Association in 1921 appointed 
a committee, comprising three roentgenologists and three internists, 
to make a study of the normal chest of the child between the ages of six 
and ten years. This group was instructed to work in codperation and to 
make a report of their investigations before the Association when their 
studies were completed and their conclusions reached. The members 
selected for the committee were Dr. H. Kennon Dunham of Cincinnati, 
Dr. Frederick H. Baetjer of Baltimore and Dr. Henry K. Pancoast of 
Philadelphia, to act in the capacity of roentgenologists and to work in 
codperation with the respective internists in the same cities, Dr. Kenneth 
Blackfan, Dr. Charles R. Austrian and Dr. H. R. M. Landis. Each 
group of two was to work independently until a satisfactory number of 
individuals were examined and the entire committee was then to meet 
and draw their conclusions for presentation. It was to be the duty of 
the internist in each group, by careful clinical study, to select as nearly 
normal children as possible for examination by the roentgenologist. 
The entire procedure was to be carried out with strict codperation be- 
tween the two members of each group. 

It was soon realized by the members of the X-ray group that an 
attempt to describe a normal chest was practically impossible. Their 
endeavors soon began to centre around the description of a theoretical 
normal with wide variations that would serve as a basis for the inter- 
pretation of abnormal appearances and tend to preclude the possibility 
of erroneous diagnosis being based upon faulty interpretations of hilum 


4 
< q 
a 
a 
4 
q 
q 
i 


IN CHESTS OF NORMAL CHILDREN 339 


shadows, trunk shadows and linear markings, more or less altered in 
appearance by the frequent respiratory infections of childhood. They 
realized that herein had existed the greatest source of error in inter- 
pretation, and no doubt the Research Committee of the Association had 
this same thought in mind when the committee was appointed to take up 
these investigations. Errors in interpretation have been made chiefly 
in connection with the diagnosis of pulmonary tuberculosis. 

t was the consensus of opinion that children are probably more apt 
than adults to show definite X-ray evidences in the hilum and trunk 
shadows of simple as well as serious respiratory infections. Practically 
all children of the ages of those examined have had at one time or another 
one or more respiratory infections, especially measles and whooping 
cough, that are likely to produce very apparent changes in the shadows 
mentioned and which will remain distinctly visible for a variable period 
of time. These apparent deviations from the normal are not necessarily 
abnormal when observed, but may be the harmless results of one or more 
infections. No doubt such appearances have many times been misin- 
terpreted as evidences of tuberculosis. In the conclusions reached by 
the committee the attempt has been made to preclude this possibility. 

Many of the general observations made have not been included in the 
conclusions. One of those perhaps worth mentioning is the fact that the 
heart of the child is found to extend relatively further to the right than 
in the adult. 

The thoroughness with which the studies were carried out may be in 
part realized from the number of individuals examined. Over five hun- 
dred children were selected from all strata of life, as stated in the clinical 
report of the committee. 

The groups comprising the committee met at the Phipps Institute, 
Philadelphia, March 3, 1922. Prior to this meeting there were mis- 
givings as to the possibility of an agreement upon any very definite 
conclusions, but much to the satisfaction of all the members a definite 
agreement was reached and the conclusions were completed after a few 
hours’ deliberation. 

To assist in a better understanding of the conclusions of the committee, 
a composite diagrammatic reproduction of several roentgenograms was 
made and is shown in the accompanying illustration. It must be remem- 
bered that the three zones, like the chest, have thickness as well as length 
and breadth. Thus the zones extend anteriorly and posteriorly from 
the lung root as well as laterally. 


CLINICAL AND X-RAY FINDINGS 


CONCLUSIONS OF THE X-RAY DIVISION OF THE COMMITTEE 


The normal chest. The normal chest of the child from the roentgeno- 
logical standpoint is subject to such wide variations within normal limits 
as to be beyond the possibility of exact description. 

Hilum shadow. The conglomerate shadow, commonly called the 
hilum shadow, when found lying entirely within the inner third or zone 
of the lung area can be disregarded (or regarded as normal), except where 
it is made up of a solid mass of homogeneous shadow giving undoubted 
evidence that it represents a growth or mediastinal pleurisy. 

Calcified nodes. Calcified nodes at the root of the lung, without evi- 
dence of lung disease, are of no significance except as a possible evidence 
of some healed inflammatory condition, possibly but not necessarily 
tuberculous. They are a common finding in normal chests. 

Density and thickness of trunk shadows. In the normal lung the bron- 
chial trunk shadows are not visible in the extreme apical regions. For 
convenience of description the remainder of the lung is divided into 
three vertical zones, extending outward from the lateral border of the 
spinal shadow to the lateral chest border. 

The inner zone contains the root shadows. 

The middle zone contains the trunk shadows, gradually fading out into 
their final subdivisions. : 

The peripheral zone contains radiating lines from these and fading 
off before the periphery is reached. 

Where, in the middle zone or peripheral zone, these shadows do not 
disappear in the characteristic fashion described, the appearance may 
be evidence of a variety of conditions, past or present, of an inflammatory 
nature or otherwise. It may accompany a tuberculous process but is 
not necessarily indicative of tuberculosis. 

Improper or misleading terms. The use of the terms “peribronchial 
tuberculosis” and ‘‘parenchymatous tuberculosis” is not to be recom- 
mended in the interpretation of roentgenograms of the chest. Until 
corrobroated by laboratory or clinical findings, the use of the terms 
“active” and “quiescent” should not be definitely applied to evident 
lesions demonstrated on plates. 

(Signed) Henry K. Pancoast, 
KENNON DUNHAM, 
F. H. BAETJER. 
May 6, 1922. 
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CLINICAL AND X-RAY FINDINGS IN THE PLATE I 
CHESTS OF NORMAL CHILDREN 


CoMPOSITE DIAGRAMMATIC ROENTGENOGRAM OF THE NORMAL CHEST OF THE CHILD SHOW- 
ING THE THREE ZONES REFERRED TO IN THE REPORT 
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THE UPPER RESPIRATORY TRACT IN PULMONARY 
TUBERCULOSIS, WITH SPECIAL REFERENCE 
TO LARYNGEAL TUBERCULOSIS 


A CLINICAL STUDY OF 200 CASES 


I. D. BRONFIN anv C. MARKEL 


From the Sanatorium of the Jewish Consumptives’ Relief Society, Edgewater, Colorado 


Of all the complications arising in the course of chronic pulmonary 
tuberculosis, the two most frequently encountered are affections of the 
upper respiratory tract, more particularly the larynx, and those involv- 
ing the viscera below the diaphragm, chiefly the small and large intestines. 
In studying these two complications, one becomes impressed with the 
similarity existing between them, both as regards the frequency of their 
occurrence, the vagueness of the initial symptoms, the difficulty of 
making a positive early diagnosis, the protracted course with remissions 
and intermissions, and the great number of fatal terminations resulting 
therefrom. But inasmuch as the upper respiratory tract is more acces- 
sible to examination and accurate observation, it occurred to us that a 
study of the nose and throat in a given number of cases suffering from 
pulmonary tuberculosis might bring to light some additional informa- 
tion regarding the etiology, predisposing factors and frequency of laryn- 
geal tuberculosis. It was also thought that such study might bring 
out the indications for treatment and the comparative value of the 
several methods now in common use. 

An additional stimulus to this investigation was Fetterolf’s (1) clini- 
cal postmortem study of the larynx in 100 cases of which he demon- 
strated 83 per cent to be tuberculous affections of one or more parts of 
the larynx and 4 per cent as of doubtful involvement, making a total 
of 87 per cent. Such a percentage was considered unusually high. A 
study of living patients was therefore deemed desirable, to determine 
how it might compare with Fetterolf’s observations on postmortem 
cases, since the majority of patients coming under our observation 
are of the far advanced active types. 
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This report is based upon a study of 200 cases, comprising 184 sana- 
torium patients and 16 tuberculous employees. As the average dura- 
tion of sanatorium residence is nine months, that average was taken 
as the length of time the cases were observed. 

A few explanatory notes are necessary before tabulating the findings. 

In studying the nasal chambers an attempt was made to determine 
the presence or absence of symptoms in cases showing abnormalities. 
Where the patient’s statements could not be considered reliable, other 
methods were employed to determine to what extent a given pathological 
finding interfered with normal function. Thus a slight deviation of 
the nasal septum was not tabulated as abnormal unless it caused ob- 
struction to breathing. On the other hand, where there was marked 
deviation, it was considered abnormal, regardless of symptoms. The 
same method was employed in classifying hypertrophic rhinitis, atrophic 
rhinitis, chronic nasopharyngitis, etc. Accessory sinus disease was 
determined .by definite symptoms and physical findings; in doubtful 
cases roentgenograms were taken. 

Hypertrophied tonsils were not classified as abnormal unless there 
was a definite history of frequent attacks of tonsilitis, and in those cases 
some crypts filled with cheesy matter could usually be located, particu- 
larly when the pillars were slightly separated. All tonsils showing 
definite lobulation or widely open crypts were considered abnormal. 

In classifying the pathological changes of the larynx proper, attention 
was paid to the individual parts, but the aryepiglottidean folds and 
the vocal processes were omitted. The former were included with the 
arytenoid cartilages, for the majority of cases showing aryepiglottic 
involvement also had considerable involvement of the arytenoids. The 
vocal processes were included with the true vocal cords for the same 
reason. Ulcerations of the anterior portions of the vocal cords alone 
were rare; most of the ulcerations occurred in the vocal processes, in- 
cluding the posterior half of the cords. Superficial infiltrations were 
in most instances classified as granulations, for the reason that most of 
the so called superficial infiltrates were located in the interarytenoid 
sulcus or posterior commissure, and there at least they were soft, 
ulcerating granulations. 

Continued observation of a case over a long period of time discloses 
that the earliest pathological manifestation arising in the interarytenoid 
sulcus, aside from congestion, is a median fissure or a lateral furrow as 
described by Casselberry (2). Purulent secretions soon accumulate 
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there and, becoming stagnant, give rise to irritation. The furrow grad- 
ually becomes wider as the free edges assume an edematous appearance. 
When the muco-pus is wiped away with a laryngeal applicator the floor 
of the groove is seen to be lined with irregular, red and eroded elevations 
which bleed readily. As time goes on, these elevations are seen filling 
the groove and overhanging the free edges. At this stage they constitute 
one yellowish-grey mass which does not bleed even when the muco-pus 
is removed with a dry applicator. On touching this mass with a curved 
probe it is found to be soft and almost gelatinous in consistence, and 
the probe can easily go down to the depth of the original groove. It 
was therefore felt that the term ulcerating granulation would be more 
descriptive of the pathological change so frequently seen in the interary- 
tenoid space. 

In a few cases a circumscribed superficial infiltration was observed 
at the commissures or in the interarytenoid space, but it differed from 
the typical granular mass, inasmuch as it was smooth, indurated, moder- 
ately congested and usually not ulcerated. Such induration might be 
considered the end result or the last stage of the granular mass when 
the latter finally heals and becomes fibrotic. 

A definitely thickened epiglottis with or without ulcerations was 
classified as having a deep infiltration. Diffuse thickening of the ary- 
tenoids with obliteration of the normal landmarks made by the cartilages 
of Wrisberg and Santorini was also classified as deep infiltrates. The 
same standard was applied to the ventricular bands and true vocal 
cords. 

Congestions alone were classified pathologically as being abnormal, 
although clinically they were not considered abnormal for the tuber- 
culous. The anemias were put in a class by themselves, for they could 
not be considered early manifestations of a tuberculous lesion. Even 
in those cases that showed no evidence of a general anemia, the anemic 
larynx could not be considered pathological, for continued observation 
showed no subsequent laryngeal changes. 

Clinically the cases were divided into three groups: (1) tuberculous 
laryngitis, (2) doubtful tuberculous laryngitis, and (3) nontuberculous 
laryngitis and normal larynges. In the absence of ulcerations, a positive 
diagnosis was based upon diffuse infiltrates not yielding to ordinary 
treatment, or upon asymmetrical or localized swelling as pointed out by 
Levy (3). The number of doubtful cases present in this series would 
tend to prove the conservatism used in making a positive diagnosis. 
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It also points to the difficulty of making a differential diagnosis between 
chronic catarrhal laryngitis and chronic tuberculous laryngitis, a fact 
so well emphasized by Lockard (4). Slight symmetrical thickening of 
one or more structures associated with congestion or small superficial 
erosions was put in the doubtful class. A small granulation in the 
interarytenoid sulcus without any other definite or suspicious lesions 
was considered doubtful, since a granulation alone was encountered in 
some nontuberculous or questionably tuberculous individuals. 

Dworetzky’s (5) classification was followed in describing the clinical 
types: of laryngeal tuberculosis, and, in classifying the types according 
to stages, both Levy’s and Dworetzky’s works on this subject were 
followed closely. It must be noted, however, that the description of 
the types as well as the stages is more or less arbitrary, for the border- 
line was not often distinct. A chronic epiglottis was often seen asso- 
ciated with acute or subacute arytenoids or vice versa. The clinical 
impression was in many instances the determining factor in classifying 
the cases according to clinical types and stages. 

Of the 200 cases, 126 or 63 per cent had definite laryngeal tubercu- 
losis; 44 or 22 per cent were considered doubtful; and 30 or 15 per cent 
had nontuberculous laryngitis or normal larynges. Of the last 30, 


25 had normal laryngeal structures, 1 anemia and 4 chronic laryngitis. 


PREDISPOSING FACTORS OF TUBERCULOUS LARYNGITIS 


1. Age: The youngest age was 17 and the oldest 70. The average 
age of all cases was about 30, a period when the ravages of tuberculosis 
are most frequent. Age therefore cannot be considered an important 
factor. 

2. Sex: Thirty-six women were observed, and of these 24 or 66.6 per 
cent had positive laryngeal involvement, 10 or 27.7 per cent were of the 
doubtful class and 2 or 5.5 per cent were normal. Of the 164 males 
102 or 62.1 per cent were positive, 34 or 20.83 per cent were doubtful 
and 28 or 17.07 per cent were normal or nontuberculous. The greater 
percentage of normals among males might be due to the greater num- 
ber under our observation, but the fact that the percentage of positive 
laryngeal tuberculosis among women was nearly the same as among 
men despite the much smaller number of the former would tend to cor- 
roborate Duboff’s findings (6) that sex is not a determining factor, and 
that external irritants, such as dust and tobacco smoke, play little réle, 
if any, in the etiology of this disease. 
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3. Sputum: Of the 126 positive cases, 119 had positive sputum and 
7 were negative; of the 44 doubtful cases 27 were positive and 17 were 
negative; and of the 30 nontuberculous cases 19 were positive and 11 
negative. The theory of direct implantation of the tubercle bacillus 
into the mucosa and submucosa can therefore not be verified from these 
figures, nor completely disproved. The 19 cases that had positive 
sputum and negative larynx had pulmonary tuberculosis for a number 
of years, some even showing evidences of intestinal and genitourinary 
complications. 

4. Cough: Cough as a mechanical factor in producing irritation of 
the laryngeal mucosa and thus render it more vulnerable to a tuberculous 
infection has been spoken of by many authors. In this series there were 
only 9 cases that had no cough or expectoration. Of these, 4 had tuber- 
culous involvement of the larynx, 3 had doubtful involvement and 2 
were not tuberculous. An effort to determine the extent of coughing 
by the amount of expectoration proved valueless, as many cases with 
excessive cough had less expectoration than those with moderate cough. 
Neither could much value be attached to the information obtained from 
the cases observed. Therefore, no definite deductions can be made as 
to the significance of cough in being a predisposing factor. 

5. Pulmonary lesion: The National Tuberculosis Association nomen- 
clature was employed, and the word minimal was substituted for incip- 
ient. Each stage was designated by the presence or absence of activity. 
The latter was determined by symptoms, physical signs and roentgeno- 
grams. An associated nonpulmonary tuberculous complication did not 
alter the classification. 

Of the positive cases, 36 were moderately advanced, 25 active and 11 
inactive; 87 were far advanced, of which 84 were active, 3 inactive; and 1 
had lung abscess and 1 asthma with no demonstrable tuberculous lesion. 
There was only 1 case with a minimal inactive pulmonary lesion asso- 
ciated with an inactive tuberculous enteritis. Among the 44 doubtful 
cases, 16 were moderately advanced, 6 active and 10 inactive; far ad- 
vanced 25, all active; 1 with intestinal tuberculosis only and 2 with 
bronchiectasis and questionable tuberculosis. Of the 30 nontuberculous 
cases, 1 had a minimal, inactive pulmonary lesion with intestinal tuber- 
culosis; 14 were moderately advanced (8 active and 6 inactive); 13 far 
advanced, all active; 1 intestinal tuberculosis only; and 1 had asthma 
with no demonstrable pulmonary tuberculosis. 
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It can thus be seen that there were altogether 32 inactive cases, in- 
cluding the nonpulmonary and the questionably pulmonary cases; and 
of these, 21 had definite or suspicious laryngeal tuberculosis. Pul- 
monary activity therefore, while usually associated with active laryn- 
geal disease, is not an absolute factor. Striking examples of acute or 
peracute laryngeal tuberculosis with fibrosis of one or both apices have 
been observed. In fact, the most acute throat cases, not included in 
this series, have occurred in cases with inactive fibroid lesions, and it 
was in these particular types that most of the fatalities occurred. 

As to the stage of the pulmonary disease, it will be noted that of the 
68 moderately advanced cases 52 or 78.7 per cent had a doubtful or 
positive laryngeal involvement, while of the 125 far advanced cases 112 
or 89.9 per cent had laryngeal affections. It would thus seem that the 
stage of the pulmonary affection is a predisposing factor that cannot 
be overlooked. 

6. Pulmonary duration: The average duration of the pulmonary 
disease in all cases was 5.07 years. The pulmonary duration of the 
positive laryngeal cases was 4.33 years; of the doubtful cases, 5.27 years; 
and of the negative cases, 5.77 years. The average laryngeal duration 
was 2.27 years. This would indicate that 2.80 years elapsed from the 
beginning of pulmonary manifestations to the beginning of laryngeal 
symptoms. Levy, in a study.of 654 cases, found that figure to be ap- 
proximately 17 months. The discrepancy might be accounted for by a 
possible difference in the pulmonary stages of the two series. 

7. Abnormalities of the nasopharynx: The theory that abnormalities 
of the nasopharynx, especially those giving rise to obstructive breathing, 
are predisposing factors of tuberculous laryngitis, is a plausible one; 
for it is easy to conceive how, when the normal function of the nose to 
moisten the air is diminished or totally absent, the inspired air will 
produce a dryness of the laryngeal mucosa, with subsequent formation 
of fissures and later ulcerations. The almost universal acceptance of 
this theory is evidenced by the frequency of operative interference for 
obviously prophylactic purposes. With a knowledge of the disastrous 
results that occasionally follow in the wake of an operation upon the nose 
or pharynx in the tuberculous, it was thought that a careful study of the 
nasopharynx in relation to laryngeal tuberculosis will yield valuable 
information.! 


1 Consult table 3 for detailed study of nasopharynx. 
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In this series 72 or 36 per cent showed no pathological changes, and 
128 or 64 per cent showed varying degrees of abnormalities. Of the 
72 normals, 44 had laryngeal tuberculosis, 17 were doubtful and 11 were 
normal. From these figures alone no etiological relationship can be 
established. 

The 128 cases showing disease presented the following: Hyper- 
trophic rhinitis, 32 or 16 per cent; atrophic rhinitis, 17 or 8.5 per cent; 
deviated septum, 46 or 23 per cent; nasal polypi, 2 or 1 per cent; dis- 
eased tonsils, 44 or 22 per cent; spontaneous perforation of nasal septum, 
2; post-operation perforations, 3; hypertrophic nasopharyngitis, 8 or 
4 per cent; pharyngitis sicca, 18 or 9 per cent; chronic ethmoiditis, 3; 
chronic maxillary sinusitis and chronic frontal sinusitis, 2 each. These 
figures are decidedly at variance with those of Briggs (7) who found three- 
fourths of the tuberculous suffering from nasal stenosis. They also 
differ from those of Freudenthal (8) who, in a series of 340 patients, 
found 115 suffering from atrophic rhinitis. In our series the atrophic 
and hypertrophic forms were about equally divided, and the number of 
positive laryngeal cases was equally the same in each class. The greater 
number of cases of laryngeal tuberculosis in the series with nasal ob- 
struction is only relative, considering the high percentage of positive 
laryngeal cases in the total series. 

More definite deductions cannot be made in the absence of an analy- 
tical study of the nasopharynx in the same number of nontuberculous 
persons. 

Frank tuberculosis of the nasal chambers, postnasal space or pharynx 
was not seen. Five very suspicious cases were noted: 3 in the anterior 
nasal chambers, 1 in the pharyngeal tonsil and 1 in the faucial tonsil. 
Several cases showed suspicious involvement of the uvula, and still 
others presented irregular elevations on the posterior pharyngeal wall; 
but, since no microscopic verification was made, a positive report would 
not be conclusive. 

The pus from the several cases of accessory sinus infections was nega- 
tive for tubercle bacilli, and the general clinical course seemed in favor 
of their not being tuberculous. 

8. Syphilis: There were 5 laryngeal cases the serum of which was 
positive for syphilis. In none of these cases did the laryngeal lesion 
bear any resemblance to lues. ‘Two received specific treatment without 
any localimprovement. In all, the local lesion was stationary. 
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PATHOLOGY 


Only 5 acute cases were present; 1 in the first stage, 1 in the second 
stage and 3 in the third stage. Of the 49 subacute cases, 9 were in the 
first stage of the disease, 22 in the second stage and 18 in the third 
stage. Of the 72 chronic cases, 9 were in the first stage, 32 in the sec- 
ond stage and 31 in the third stage. 

For a detailed study of the character of the combined pathological 
changes of the several structures, reference may be. made to table 4 
dealing with this subject. The pathological nature of the individual 
structures was as follows: : 


Epigloitis: 


Deep infiltration and congestion 
Deep infiltration and ulceration 
Ulceration and marked destruction 
Tuberculoma 


Congestion only 
Infiltration 


It can be seen that, excluding the anemias and the congestions, 119 
or 59.5 per cent showed epiglottis involvement, while 52 or 26 per cent 
showed evidences of a tendency to spontaneous healing. This is of prog- 
nostic significance, since epiglottis involvement is usually considered 
grave. ‘This is indeed true where the condition is acute and ulcerations 
are extensive, but where there is a chronic or even a subacute infiltrate 
the lesion may remain stationary for a long period and even terminate 
in a spontaneous cure. 

The high frequency of epiglottis involvement in this series as compared 
to the findings of Dworetzky (28 per cent) and Hastings (9) (33 per 
cent) cannot be accounted for unless by assuming that our series con- 
tained a greater number of far advanced pulmonary cases with a longer 
pulmonary duration. It will be shown later, however, how close our 
findings are to those of Fetterolf. That author found in his series . 
59 per cent of epiglottic involvement. 
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Arytenotd cartilages: 


Deep infiltration and congestion, bilateral 

Deep infiltration and congestion, unilateral, right 
Deep infiltration and congestion with ulceration 
Deep infiltration and congestion with anemia 
Deep infiltration and congestion with scars 

Deep infiltration only, bilateral 

Deep infiltration only, right 

Deep infiltration only, left 

Congestion only 

Anemia alone 


Excluding the anemias and congestions, the arytenoids were found 
clinically involved in 55.5 per cent of all the cases. This figure compares 
favorably with that of Dworetzky who, in a study of 100 positive laryn- 
geal cases, found 56 per cent with arytenoid involvement, and also with 
the report of Hastings (9) whose figure was 51 per cent. This high 
frequency is generally attributed to the activity of the arytenoids in 
all respiratory acts, particularly coughing; but whether this association 
has any actual foundation cannot be satisfactorily answered. 


Interarytenoid sulcus: 


Deep infiltration and congestion 
Infiltration only 
Ulceration and ulcerating granulations 


An analysis of these figures discloses that only 59 per cent of the cases 
showed interarytenoid involvement, and is markedly at variance with 
the statistics reported by Keller, Carmody, Lockard (4) and others. 
The latter author found 714 of 904 cases with involvement of the in- 
terarytenoid sulcus. The discrepancy becomes the more difficult to 
explain in view of the fact that the interarytenoid space readily shows 
up in the laryngoscopic mirror, so that the slightest deviation from the 
normal can be easily detected. 

That, however, does not detract from the well established fact that 
the earliest pathological manifestations of tuberculous laryngitis occur 
in the sulcus. The 10 early cases that came under our observation with 
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vague symptoms presented only fissures or a small ulcerating granula- 
tion. But it was not uncommon to find extensive involvement of the 
epiglottis, arytenoids or vocal bands with a normal sulcus. 


Vocal bands: 


Deep infiltration and congestion, bilateral 
Deep infiltration and congestion, right 
Infiltration only, bilateral 

Infiltration only, right 

Infiltration only, left 

Anemia, bilateral 

Infiltration with scars, bilateral 
Tuberculoma, bilateral 

Deep infiltration with ulceration, bilateral 
Deep infiltration with ulceration, left 


The above reveals that 36.5 per cent showed involvement of the ven- 
tricular bands. Dworetzky found 27 per cent in his series. 


True vocal cords: 


Infiltration and congestion, bilateral 

Infiltration only, bilateral 

Infiltration with ulceration, bilateral 

Infiltration with ulceration, right 


From the above it is seen that, excluding congestions, 43 per cent 
showed involvement of the true cords. As already indicated, vocal 
process disease alone was not seen. No relationship between cord 
involvement and pulmonary lesion was noted in those that showed a 
unilateral laryngeal process. This statement is also applicable to the 
other structures that were affected on one side. 

A comparison of Fetterolf’s postmortem findings with those noted 
in this series and classified as definitely tuberculous may prove instructive: 
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per cent 
Fetterolf’s 


Epiglottis 
Author’s 


Arytenoids 
Interarytenoid sulcus 
Ventricular bands 


Vocal Cords 


Considering the greater number of doubtful cases in our series upon 
which no decision could be made by the use of the microscope, the slight 
difference in the figures is negligible. As was pointed out by Dworetzky, 
were it possible to make a section of each congested or slightly thickened 
epiglottis or arytenoid, there is no doubt that definite tuberculous disease 
could be demonstrated in nearly every case. The total number of our 
doubtful cases was 44 or 22 per cent, whereas Fetterolf’s was only 9 per 
cent. 

SYMPTOMATOLOGY 


Among the positive cases, there were 103 with subjective symptoms. 


Of the 44 doubtful cases, 31 gave symptoms; and of the 30 nontubercu- 
lous cases, 25 of which had normal laryngeal structures, 16 gave symp- 
toms. For the various combinations of symptoms reference may be 
made to table 7. The leading individual symptoms were as follows: 


Positive cases with symptoms (103) Dysphagia 
Pain 


Doubtful cases with symptoms (31) 


Negative cases with symptoms (16) 


From the above it is seen that dryness was the leading symptom 
in the positive and doubtful cases, and next in frequency was alteration in 
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the voice, varying from marked hoarseness to a slight break in the voice 
during active conversation. The pain and dysphagia were often out 
of proportion to the amount of laryngeal involvement. Some cases with 
ulceration of the epiglottis or arytenoids had less pain than those with a 
slight infiltration ofthearytenoids. Granularandulcerating commissures 
gave, asa rule, no other symptoms than dryness and a frequent desire to 
clear the throat. The sensation of a lump in the throat was complained 
of by many, and here too a marked disproportion was seen between the 
symptoms and the extent of the swelling. Radiating pain to the ears 
was often an annoying symptom. A long interval of freedom from symp- 
toms was often noted without any local improvement. The fact that 
16 negative cases gave persistent symptoms characteristic of tubercu- 
lous laryngitis should be emphasized to prove that a diagnosis of tuber- 
culous laryngitis upon symptomatology alone cannot be made. 


DIAGNOSIS 


As has been stated in the introductory remarks, a diagnosis was based 
upon definite findings, such as circumscribed infiltrates, diffuse infiltrates 
persisting for a long time, or ulcerations with or without soft granulations. 


In cases with associated syphilis the therapeutic test was used, and where 
no conclusions could be reached the case was considered doubtful. 
Simple catarrhal hypertrophies with a slight thickening of one or more 
structures were put in the doubtful class. Lesions in any way resembling 
lupus or pachydermia were not seen. 


TREATMENT 


All laryngeal cases classified as having been under no treatment used 
the DeViibis atomizers containing either 1 per cent of camphor and 
menthol in alboline, Dobell’s solution or other mild antiseptic sprays. 
The four types of active treatment were (1) formalin from 0.5 per cent 
aqueous solution in ascending strengths up to 10 per cent, (2) lactic 
acid in either full strength or the 30 per cent glycerine solution, (3) 
the electric cautery and (4) heliotherapy as perfected by Verba and 
described by Mills and Forster (10). Only 31 cases were under active 
treatment and observed for a long enough period to justify a report. 
The indications for the use of formalin were subacute or chronic diffuse 
infiltration with congestion not subsiding under ordinary antiseptic 
sprays. Pure lactic acid was used for painful superficial ulcerations, 
and 30 per cent lactic acid was used for superficial erosions and fissured 
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commissures. The cautery was employed both in diffuse infiltrates 
where rapid shrinkage of the swelling was desired and in persistent local 
ulcerations. Heliotherapy was resorted to in cases suffering from ex- 
tensive ulcerations or where the other methods failed. Silence as a 
therapeutic measure was urged in all active cases, but could be carried 
out satisfactorily in but a few cases. 

Of the 5 cases under formalin, 2 were subacute, stage 2 and 3 respec- 
tively, and 2 were chronic, both stage 2. All these improved, as mani- 
fested by a decrease in the local swelling and the amelioration of symp- 
toms. The one doubtful subacute case, stage 2, also improved. While 
this series contains only a small number under treatment in which care- 
ful records were kept, it must be stated that of the hundreds of cases 
treated with formalin only these 5 could be said to have definitely im- 
proved. Formalin as a detergent should be tried in all suitable cases, 
but where there is increased local irritation from its use, as is often the 
case, or where no improvement is seen in two or three months, it is best 
to resort to other methods. 

The 7 cases treated with lactic acid were all definitely improved. 
The 2 doubtful cases, one with slight erosions of the epiglottis and the 
other with a fissured commissure, improved more readily than the posi- 
tive cases. Here too it is realized that the statistics are incomplete, 
for while in this series only 7 were under lactic acid (all with good re- 
sults), our records of other cases show that of 50 under similar treatment 
only 18 improved and the others remained stationary or became pro- 
gressive. Of lactic acid, as of formalin, it may be said that it is a valuable 
therapeutic agent for erosions and superficial ulcerations, but where, 
after the separation of the eschar, the ulcer shows no tendency to epithe- 
lium formation, the actual cautery has to be used. 

All the 18 cases treated with the actual cautery improved with the 
exception of one, and 6 showed definite healing. Exuberant granula- 
tions in the interarytenoid sulcus or early fissures cleared up more readily 
than large ulcers. Swollen arytenoids were seen to shrink to nearly 
their normal size in two weeks after deep multiple punctures with the 
cautery. The experimental observations on the effect of the electro- 
cautery made by Wood (11) was well borne out in these cases. An 
actual scar resulting from the cautery was rarely reinvaded. An ulcer 
with a sluggish base or pale granulations was seen to assume a red 
appearance during the course of healing. Only in the acute or 
peracute larynx with marked swelling of the epiglottis was the cautery 
of no value. An edema following its use was seen in one case. That 
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case was of the acute type, stage 3, with marked edema of the arytenoid 
and thickening and ulceration of the right half of the epiglottis. It was 
thought that, with the epiglottis previously cauterized, a shrinkage of 
the arytenoids might relieve the unimproved dysphagia and marked 
dyspnoea; but the effect was marked edema, necessitating local applica- 
tions of cocaine and adrenalin to relieve the urgent symptoms. 

No report can be made at present on the value of heliotherapy, since, 
of the 7 cases under treatment, 6 had previously been treated by the 
cautery method. The one case on heliotherapy alone, still under obser- 
vation, is showing improvement. 

Todoglycerine in ascending strengths was tried on another series of 
cases without any other effects than those noted from ordinary antisep- 
tic sprays. 

The main interest in the report on treatment is the observation made 
on 139 cases under no treatment other than the use of tracheal oil, 
Dobell’s solution, etc. In this group there were 98 positive cases and 
41 doubtful cases. The types of lesions and the subsequent course can 
be seen from the following: 


( Improvement 
ao, 
(9) Stationary 
Improvement 


nn Stage 2 (18) Stationary 


Stationary 


\ Stage 3 (13) Progressive 


Positive cases 4 
Improvement 


Stage 1 0) Stationary 
Improvement 
Chronic Stationary 
Improvement 
Stationary 


Progressive 


Stage 3 (21) 


Improvement 
Stage 


Stage 2 (16) Stationary 
Stage 3 (3) Stationary 


| 
| 
| 
Stage 2 (28) 
| 
| 


Subacute 


Doubtful cases 
Stage 1 (3) Stationary 

Improvement 
Chronic Stage 2 (9) 
Stage 3 (1) Stationary 


\ 


From the above is seen that in 139 cases under no treatment only 8 
showed a tendency to progressive involvement, while 47 showed improve- 


| 

i 

j 
i 

a 

| 

4 


UPPER RESPIRATORY TRACT IN PULMONARY TUBERCULOSIS 355 


ment and 92 remained stationary. Of the 8 progressive cases, 6 showed 
a progressive pulmonary lesion, while 2 were stationary. 


SUMMARY AND CONCLUSIONS 


The upper respiratory tract was studied in 200 tuberculous patients, 
in the moderately advanced or far advanced stages, with an average 
pulmonary duration of 507 years. Abnormalities of the nasopharynx 
was noted in 64 per cent and nasal stenosis in 62 per cent, but the num- 
ber of cases with positive laryngeal tuberculosis was not greater in those 
with nasal obstruction than in those with normal nasal chambers. 
Atrophy of the nasal mucous membranes was not a frequent manifesta- 
tion and seemed to have no definite relation to laryngeal tuberculosis. 
Definite pathological changes of laryngeal structures were observed in 
85 per cent; and in 63 per cent the laryngeal lesion was of such a type 
as to warrant a positive clinical diagnosis of tuberculous laryngitis. 
Five positive cases had associated syphilis, 2 of which received specific 
treatment without any demonstrable effect on the laryngeal lesions 
and the other 3 presented the characteristic lesions of tuberculosis. 
In 3 the lesion was subacute and stationary and in the other 2 the lesion 
was chronic and stationary. The quickest and most satisfactory re- 
sults were obtained with the cautery. While all the active throat cases 
that were under the different forms of treatment improved, 139 cases 
under no treatment also improved or remained stationary with the ex- 
ception of 8 whose lesion became progressive. 


CONCLUSIONS 


1. Laryngeal pathological changes are present in 85 per cent of the 
tuberculous. 

2. Laryngeal tuberculosis is present in at least 63 per cent of the 
tuberculous. 

3. Acute or peracute laryngeal tuberculosis is rare, the most frequent 
type being subacute or chronic. 

4, There is no definite predisposing factor other than pulmonary 
tuberculosis. 

5. Syphilis has no apparent influence on the course of laryngeal tu- 
berculosis. 

6. Subacute or chronic tuberculous laryngitis requires no active 
treatment in the absence of distressing symptoms, but must be under 
constant observation. 
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7. The presence of ulcerations even in the absence of symptoms is 
an indication for active treatment. 

8. The galvanocautery is the best therapeutic measure for ulcera- 
tions or large infiltrates giving symptoms. 
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TABLE 1 


Classification of cases according to pulmonary diagnosis 


MODER- 
ATELY FAR ADVANCED 
ADVANCED 


LARYNGEAL DIAGNOSIS 


Inactive intesti- 
nal tuberculosis 
Active with pul- 
monary abscess 
chiectasis 

BRONCHIECTASIS 


Inactive 
INTESTINAL TUBERCULOSIS 


PULMONARY ABSCESS 


| Active with lues 
Active with bron- 


| 
| 


Tuberculous 


Nontuberculous.... 8 1 
Doubtful 6 1 
2 


39 1 


TABLE 2 


Pathological classification of cases with laryngeal involvement 


ACUTE SUBACUTE CHRONIC 
LARYNGEAL 
DIAGNOSIS 


Stage 1 | Stage 2 | Stage 3 | Stage 1 | Stage 2 | Stage 3 | Stage 1 | Stage 2 | Stage 3 


Tuberculous 9 22 18 9 32 31 
Doubtful 9 17 3 4 10 


39 42 
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TABLE 3 


Study of the nasopharynx in 200 cases of pulmonary tuberculosis 
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LARYNGEAL DIAGNOSIS 


Tuberculous. 


Nontuberculous........ 


Doubtful. 


Tuberculous. 


Nontuberculous........ 


Doubtials 


Tuberculous. ....... 


Nontuberculous........ 


Doubtful... 
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TABLE 5 
Pathological changes of individual structures of larynx 


EPIGLOTTIS | ARYTENOIDS | COMMISSURE 


Deep infiltration and congestion .... 39 2 
Bilateral 


Deep infiltration—ulceration ....... 
Ulceration with marked destruction. 
Granulation 


BAND CORD 
12 57 
13 15 3 33 
35 
6 2 
26 2 
j Granulation—ulceration. .......... 14 
4 
Noma 61 71 81 124 81 


I. D. BRONFIN AND C. MARKEL 


TABLE 6 
Comparison of Fetterolf’s postmortem study (100 cases) and authors’ clinical study (200 cases) 


GENERAL VENTRICU- 


LARYNGEAL DIAGNOSIS SUMMARY EPIGLOTTIS | ARYTENOIDS | COMMISSURE LAR BANDS CORDS 


Authors’ clinical study 


Tuberculous 126 110 102 
Nontuberculous.......... 30 61 71 
Doubtful 44 29 27 


200 200 200 


Fetterolf’s postmortem study 


Tuberculous 83 59 a7 
Nontuberculous.......... 13 37 43 
Doubtful 4 4 0 


100 100 100 


TABLE 7 
Symptomatology 


LARYNGEAL 
DIAGNOSIS 


DYSPHAGIA, APHONIA, DYSPHONIA, DRYNESS, PAIN 


DRYNESS, DYSPHAGIA 
DRYNESS, PAIN 

DRYNESS, DYSPHONIA, DYSPHAGIA 
DRYNESS, DYSPHAGIA, PAIN 

DYSPHONIA, DYSPHAGIA, PAIN 
DYSPHONIA, DYSPHAGIA, DRYNESS, PAIN 
PAIN, DYSPHONIA, DRYNESS 

PAIN, DYSPHAGIA 

PAIN, DYSPHONIA 


DYSPHONIA 


APHONIA, DYSPHONIA, DYSPHAGIA, DRYNESS 
DYSPHAGIA 


APHONIA, DYSPHONIA, DYSPHAGIA 
APHONIA, DYSPHONIA, DYSPHAGIA, PAIN 


| APHONIA 
DRYNESS 
DRYNESS, PAIN 


Tuber- 
culous ... 

Nontuber- 
culous ... 

Doubtful. . . 
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TABLE 8 


TREATMENT OF TUBERCULOUS LARYNGITIS RESULTS 


LARYNGEAL DIAGNOSIS 


Formalin, cautery, lactic 
acid, heliotherapy 


Formalin 

Formalin, lactic acid 
Formalin, cautery 
Formalin, heliotherapy 
Lactic acid 
Heliotherapy 
Heliotherapy, cautery 
Improvement 
Stationary 
Progressive 


Stage 1... 
Stage 2... 
Stage 3... 


Acute 


Stage 2... 
Stage 3... 


Tuberculous. . Chronic 


Sub- 


acute 


(Stage 1... 
Stage 2... 
Stage 3... 


Stage 3... 


Stage 1... 
Doubtful Chronic; Stage 2... 
Stage 3... 


Sub- 


acute 


Stage 1... 
Stage 2... 
Stage 3... 


Stage'l... 
Stage 2... 
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GASTROTOMY AS AN EMERGENCY AND THERAPEUTIC 
MEASURE IN LARYNGEAL TUBERCULOSIS WITH 
EXTREME DYSPHAGIA! 


SAMUEL SWEZEY anp HAROLD FREED 


National Jewish Hospital for Consumptives, Denver, Colorado 


Medical literature is very meagre in regard to reports of cases of 
gastrotomy performed for the relief of dysphagia accompanying laryn- 
geal tuberculosis. In the May, 1920, number of Colorado Medicine, 
Dr. J. Lowen, of Denver. reported a case of gastrotomy performed on a 
woman, thirty-three years of age, for the relief of extreme dysphagia 
and dyspnea caused by tuberculous laryngeal hypertrophy complicat- 
ing a moderately advanced pulmonary condition. After the gastrot- 
omy the patient showed signs of general improvement for three months, 
when she gradually began to grow worse and died three months later 
from a further extension of her throat and lung disease. 


We wish to report here two similar cases from the records of the 
National Jewish Hospital of 1921. 


Casel. R.S.,male, thirty-eight years old, Jewish, a veteran of the Spanish- 
American War, moving picture agent by trade, was admitted to the National 
Jewish Hospital August 31,1920. The family history showed that his younger 
brother died at eighteen after an operation on his throat for the relief 
of dysphagia due to laryngeal tuberculosis which followed pulmonary 
involvement. Personal history: Previous to his present trouble the patient 
enjoyed good health all of his life. He married five years ago; his wife and 
a child four years old were both living and well. Two years ago he developed 
a slight cold and a sore throat. The cold subsided but his throat never 
recovered. The soreness and initial slight pain on swallowing became more 
and more aggravated. He was expectorating a serous fluid. His tempera- 
ture was within normal limits and he cortinued with his usual work without 
any change in his mode of living for one and a half years after his symptoms 
appeared. Finally he consulted a laryngologist who diagnosed his condition 
as tuberculous and advised him to go west for his health. 


1Read before the Denver Sanatorium Association, December 28, 1921. 
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On admission he was found to be a poorly nourished, anaemic adult, 5 
feet, 7 inches in height, and 133 pounds in weight. His haemoglobin was 85 
per cent, red and white cell count normal, Wassermann negative, sputum 
positive for tubercle bacilli, urine negative. The X-ray plate showed an 
advanced pulmonary tuberculosis of the fibroid type with inflammatory 
mottling in the upper lobe of the left lung and some mottling extending 
throughout the whole of the right lung. His laryngeal condition, as diag- 
nosed by Dr. McKeown, was infiltration and edema of the arytenoids, epi- 
glottis, ventricular bands and vocal cords, with ulceration in the anterior 
commissure and along the left aryepiglottic fold. The patient could speak 
only in a loud whisper, was able to swallow without any special difficulty, 
and ran a slight fever which never exceeded 99.5°. After three months in 
this institution he began to have continually increasing difficulty and pain 
on swallowing liquids, and later when swallowing semisolid and solid foods. 
Various sprays and applications to the throat, such as cocaine solutions or 
combinations of orthoform and aristol, did not seem go give any notice- 
able relief until, during the week preceding the operation, the dysphagia 
reached such a degree that slow death from thirst and starvation seemed to be 
imminent. 

Gastrotomy was then advised as the only means of saving his life. It was 
performed on December 23, 1920, by Dr. Geo. B. Packard, Jr., under local 
novocaine anaesthesia. The patient stood the operation very well. Eight 
hours after operation, he received one ounce of water through the gastric 
fistula and then one ounce more every succeeding hour. The next day he 
received eggnog and milk. He gradually began to gain in weight and strength. 
The pains in his throat gradually diminished until they left him entirely. 

For the first eight months he was fed on a liquid diet consisting of milk, 
malted milk, cream, eggs and orange juice, to which occasionally small 
quantities of whisky and codliver oil were added, the total number of calories 
averaging 3000. The patient managed to feed himself through a funnel 
attached to the tube placed in the gastric fistula. The tube was cleansed 
and boiled every day. In order to keep the wound free from ulceration and 
granulations bland ointments were applied, of which resinol proved to be the 
most satisfactory. 

After about six months, during which the patient made no attempt to 
swallow food, he was examined by Dr. Cooper who found definite signs of 
healing of the laryngeal lesion. In order to see whether the pains would re- 
turn on swallowing, the patient was asked to make an attempt to swallow. 
However, apparently owing to prolonged disuse, he was unable at first to 
perform the act of swallowing and only after numerous attempts did he suc- 
ceed in doing so. Absolutely no pain was experienced, which encouraged him 
to continue to swallow solid food until he is now able to eat the regular hospi- 
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tal food with the exception of liquids which he still has to take through the 
tube. The temptation to swallow was so great that in spite of our efforts to 
keep him from it, he overindulged in it with the result that the laryngeal 
lesions began to show signs of renewed activity and at present the whole 
larynx and the adjacent parts of the pharynx present one large ulcerated sur- 
face, the epiglottis having almost completely disappeared. In spite of this, 
strange to say, he is not complaining of any marked dysphagia at present. 
Recently albumen and casts have appeared in the urine accompanied by a 
marked edema of the lower extremities and slight puffiness of the face. His 
general condition at present is very poor and his end seems to be a question 
of only a short time. ‘ 


Case 2. N. N., male, thirty years of age, Jewish, a tailor by trade, was ad- 
mitted to the National Jewish Hospital September 1, 1920. Family history 
negative. Personal history: The patient is of normal habits, moderate mode 
of living, and has had the usual diseases of childhood. He denies having had 
any other disease except frequent attacks of “colds.” Tonsillectomy was 
performed two years ago. His present illness began two years ago when he 
started to run a slight rise of temperature with cough and expectoration, 
and had increasing weakness and loss of weight. A year later he developed 
hoarseness and laryngeal pains which began to grow progressively worse. 
On admission he was found to be 5 feet, 6 inches in height and 114 pounds in 
weight. He was emaciated and anaemic looking. Haemoglobin was 80 
per cent, red blood cells 4,500,000 and leucocytes 9,800. Blood Wassermann 
was negative. The urine showed a trace of albumen with very many pus 
cells and some hyaline and granular casts. Sputum positive for tubercle 
bacilli. 

X-ray of his chest showed a far advanced condition with inflammatory 
mottling and fibrosis throughout both lungs with multiple cavities in the 
upper left lobe, drop heart and adhesions to the right diaphragm. The throat 
showed extensive tuberculous involvement of the larynx with edema and 
beginning ulceration of the epiglottis. He ran an irregular temperature, 
varying from 97° to 101°, and suffered from severe dysphagia. Finally 
the condition of the patient reached a point when swallowing became very 
difficult and, having seen the results obtained in the previous case, he began 
to beg for a similar operation. Due to his very poor general condition, this 
was performed with great reluctance on December 18, 1920. The patient 
stood the operation fairly well and seemed to improve for a few days, but 
then a rapid decline in his physical condition set in. His temperature grad- 
ually rose to 104°, he became semidelirious at times and, finally, thirteen days 
after the operation he died. 


q 
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DISCUSSION 


It is hardly necessary to point out the seriousness of the laryngeal 
complication accompanied by severe dysphagia. While, as a rule, this 
complication takes place most frequently in far advanced pulmonary 
cases, it is not uncommon to find it in patients with comparatively 
mild pulmonary involvement, whose condition otherwise is hopeful 
but who are liable to succumb to starvation from inability to swallow 
food. Unfortunately, the means at our command io relieve this dread- 
ful complication are very few, and at best they give only temporary 
relief. A point is usually reached where they fail absolutely to in- 
fluence the condition, and the patient is thus doomed to die of thirst 
and starvation. 

Under such conditions anything that is capable of prolonging their 
lives, even for a short period, and relieving their agonizing pains is 
worthy of consideration. In our opinion gastrotomy offers a means of 
accomplishing both. Nutrition may be maintained through the stomach 
tube almost as effectually as through the mouth. The pain on swallow- 
ing is relieved and, furthermore, the rest that this measure affords to 
the larynx should have a tendency to promote healing, as it is conceded 
that rest is the underlying principle in the treatment of all active tuber- 
culous lesions. 

The usual objections raised against the procedure are: 1. The 
surgical risk: patients who are in need of such an operation are usually 
in an extremely weakened physical condition and are therefore unable 
to undergo the rather great strain connected with operation which for 
obvious reasons has to be performed under local anaesthesia. 2. The 
fact that for some time after the operation they are unable to receive 
the proper amount of nourishment. 3. Feeding through the gastric 
fistula for a long time is most disagreeable to the patient. 4. Can 
prolongation of life be expected to be of sufficient duration to justify 
such a heroic measure? 

As to the surgical risk: while we realize that the number of cases on 
record cannot serve as a criterion to draw definite conclusions, yet so 
far all the cases reported (who were of the extreme type) seemed to 
have stood the operation surprisingly well. 

As to the second objection: even a diminished amount of nourish- 
ment right after the operation is better than no nourishment at all 
if the operation is not performed. 
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As to the third objection: while we realize the unpleasant features 
connected with the process of being fed through a gastric fistula, the 
fact that our first case has now been leading such an existence for a 
whole year with a good degree of comfort proves that this objection 
is based on insufficient grounds. 

As to the prolongation of life as the result of the operation, the records 
of the three cases reported showed that the patients survived the opera- 
tion three months, twelve months and thirteen days, respectively. 
It would seem that the difference in duration of life after operation 
depended largely upon the difference in the preoperative general phys- 
ical condition of these patients. 

From the history of the patient who lived only thirteen days after 
the gastrotomy, it will be seen that he was extremely emaciated, and 
had symptoms of very severe toxemia even for a long time prior to 
the operation. In Dr. Lowen’s case, who survived three months, 
there was great emaciation but no marked toxic symptoms. In the 
case that is still alive the emaciation was rather slight, his pulmonary 
condition was only moderately advanced, and he was practically free 
from toxic symptoms. One of the most important points to note in 
the latter case is the fact that his laryngeal pains which were constant 
and intolerable before the operation were completely relieved soon after 
it. Furthermore, after six months of abstaining from swallowing, the 
laryngeal lesions began to show definite signs of healing. 

This leads us to believe that the beneficial results obtained were due 
to the rest afforded the larynx by the gastrotomy. The present re- 
newed activity of disease in his larynx is, in our opinion, due to the fact 
that he began to swallow too soon, before giving the lesion an 
opportunity to heal more thoroughly. Inasmuch as gastrotomy affords 
the best method of giving a maximum of rest to the larynx, it seems to 
us that such a procedure should not be resorted to only as an extreme 
emergency. As soon as a laryngeal condition reaches the point when 
the futility of the usual lines of treatment becomes evident, gastrotomy 
as a therapeutic measure should be seriously considered. 
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THE EFFECT OF HYDROGEN ION CONCENTRATION ON 
THE PRODUCTION OF CARBON DIOXIDE BY 
THE TUBERCLE BACILLUS! 


MATILDA MOLDENHAUER BROOKS 


From the Division of Pharmacology, Hygienic Laboratory, United States Public Health 
Service, Washington 


In studying the effects of certain derivatives of chaulmoogra oil on 
the tubercle bacillus it became apparent that it would first be necessary 
to investigate the influence upon it of changes in the H ion concentra- 
tion, before any conclusions could be reached, because different methods 
of using chaulmoogra compounds necessitated different degree’ of 
acidity or alkalinity. 

The writer has used the production of CO, as a measure of metabolic 
activity of the bacteria. It has been shown (1) that this manifestation 
of metabolism is correlated with other criteria such as viability, am- 
monification, nitrification and oxygen consumption (2). The method 
also shortens the time factor necessary in most of the other methods 
generally in use, and affords results which are both immediate and 
accurate. 

The method used was that described in a previous publication (1), 
except that the apparatus was made entirely of glass as designed by 
Irwin (3) to render sterilization more easy. The latter consists of a 
closed system through which the air is forced to circulate, and having 
at either end Pyrex glass tubes, in one of which is placed the bacteria 
to be used, and in the other the indicator solution, the change in color 
of which measures the CO, given off by the bacteria. 

The strain, H37, was obtained from the stock cultures of the Hy- 
gienic Laboratory and was grown on glycerine broth from four to 
six weeks before use, washed in a solution of 1 per cent dextrose in 
distilled water to get rid of the broth that remained, centrifugated and 
resuspended in dextrose solution as it was used. 

The suspensions were kept at room temperature, which varied slightly 
above or below 20°C. It was found unnecessary to maintain a tem- 


1 Approved for publication by the Surgeon-General. 
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perature of 37°C., as the rate of production of CO, remained constant 
during the period of experimentation. 

For each experiment 4 cc. of a 1 per cent solution of dextrose contain- 
ing the bacteria was used. The H ion concentration was changed by 
adding drops of NaOH or H:2SQ, of various concentrations from a 
standard dropper. When greater amounts of acid or alkali were re- 
quired, more concentrated solutions were used, thus keeping the volume 
about the same in different experiments. 

The H2SQ, was boiled to drive off any volatile impurities that it 
might contain. The NaOH was prepared from the best reagents ob- 
tainable, handled with all precautions to avoid absorption of CO, and 
kept under soda-lime tubes. 

The indicators for determining the pH value of the solutions were 
thymol blue, brom phenol blue, methyl orange, methyl red, brom cresol 
purple, phenolsulphonephthalein and phenolphthalein. It was found 
that these dyes were not injurious to the bacteria. Buffer solutions which 
were used as standards for comparison, made according to Clark (4), 
were obtained through the courtesy of Dr. Clark. 

The reciprocal of the time required for the change in the pH value 
(in the indicator tube) from 7.8 to 7.6 is taken as the rate of production 
of CO,. This time varied according to the amount of bacterial sus- 
pension used. 

Most of the experiments lasted about four hours, although in some 
cases, where a constant rate was obtained in a shorter time, they were 
discontinued then. 

The results obtained may be compared with those of a previous 
publication (5) in which the non-acid-fast B. subtilis and the nonpatho- 
genic acid-fast B. butyricus were used. 

The metabolic activity of B. tuberculosis is much less than that of 
B. subtilis and B. butyricus. This is shown by the fact that it requires 
from four to six weeks to secure an active mass of material for experi- 
mentation, while for B. subtilis and B. butyricus eighteen hours and two 
days respectively are required. Very probably for the same reason 
the rate of production of CO, is considerably less in the case of B. tu- 
berculosis than in that of the other two bacteria. For this reason a large 
quantity of B. tuberculosis had to be used in these experiments to pro- 
duce a rate of CO, production that could be conveniently measured. 
The quantity of the material had little effect upon the pH value when 
acid was added, but there seemed to be a decided effect upon the addi- 
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tion of alkali. The prodigious speed with which these bacilli utilized 
or neutralized the alkali was remarkable. Because of the addition of 
such considerable amounts of alkali, control experiments had to be 
made showing just what part of the consequent decrease of CO: produc- 
tion was due to the action of the bacteria themselves, and what part to 
the neutralization of CO, by NaOH without the intervention of the 
microérganisms (buffer action). These experiments are referred to in 
the explanation of curve C, figure 1. In figure 1 the abscissae are the 
minutes during which the experiments lasted, and the ordinates are the 
rates of production of CO,; 100 per cent is taken as the normal rate. 


RATE OF CO, PRODUC TION 


00% 
CURVE C 


oO 


36 
CURVE A 


x. >. 


CURVE 


160 130 
TIME IN MinuTES 


Fic. 1 


Curve A shows the progressive effect of acid upon the rate of production of CO, by 
B. tuberculosis (expressed as per cent of the normal). The point marked zero on the abscissa 
indicates the rate of production of CO, by the bacteria at the instant before the acid was 
added. 
Curve B shows the progressive effect of alkali upon the rate of production of CO:. 7 
Curve C shows the progressive buffer effect of alkali when added to the system in the 
absence of bacteria, and in quantity equivalent to that used in curve B. 
Figures attached to readings indicate the pH value at that point. At the point marked 
zero on the abscissa there is indicated the rate at the instant before the reagent was added. 
The normal rate (which is taken as 100 per cent) represents a change in the pH value of the 
indicator tube in the apparatus from 7.8 to 7.6 in a number of seconds which depends upon 
the amount of bacterial suspension used without the addition of acid or alkali. Each curve 


represents one typical experiment. 
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In figure 1, curve A shows the effects of acid upon the rate of produc- 
tion of CO.. The rate falls rapidly and becomes constant, but where 
large amounts of acid have been added the decrease is greater and 
more prolonged before attaining a constant lowered rate. There is a 
slight shifting back towards the original pH value after the addition of 
small amounts of acid, but where large amounts are used the tendency 
is so slight that it may be neglected. 

Curve B shows the effects of alkali upon the rate of production of 
CO,. There is an immediate cessation in the rate. This is followed 
by a gradual increase in the rate until a constant rate is attained. 
This is accompanied by an increase in the H ion concentration until a 
constant pH value is reached. When larger amounts of alkali are 
added, the time of recovery is slower; when smaller amounts are added, 
the decrease in rate is less marked. However, when the microérganisms 
are in a medium which is acid enough to produce a decrease in rate, 
the addition of alkali will increase the rate rather than decrease it, 
provided the amount of alkali used will produce a H ion concentration 
not greater than pH 7.4. The same thing is true when the bacilli 
are in an alkaline solution sufficient to produce a decrease in rate and 
acid is added. 

Curve C shows the decrease in the rate of production of CO, caused 
by buffer action when inserting an amount of NaOH into the system 
(not in contact with the bacteria) equivalent in amount to that used in 
curve B. In this case the apparatus described by Osterhout (6) was 
used and an additional tube was inserted in the apparatus between 
the tube containing the bacteria and the indicator tube: the former 
tube was utilized merely as a generator of CO, in this case and is of no 
other ‘mportance. The rate of production of CO, is constant. The 
inserted iube contained at first distilled water alone, to which a known 
amount of alkali was afterwards added. By comparing the readings 
of the indicator tube before and after the introduction of the alkali 
into the system, one can readily determine the effects upon the CO, 
tension of the apparatus, or the apparent decrease in the rate of pro- 
duction of CO; or buffer action (curve C). 

Two effects are produced when alkali is added in this way to the sys- 
tem. The first effect is a decrease in the apparent rate of production 
of CO, owing to the fact that NaOH is neutralizing CO:, until the 
Na,CO;—NaHCO;—H,CO; equilibrium is established. After this the 
tate of production of CO. appears normal, owing to the fact that, an 
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equilibrium in the CO, tension of the apparatus having been estab- 
lished, the subsequent slight shifts occasioned by the taking of readings 
are not appreciably affected. This is true even where the pH in the 
inserted tube is as low as 10. 

It must be added that the maximum amounts of alkali (that is, one 
drop of n/10) used in the experiments on B. subiilis and B. butyricus 
were so small as to produce no visible decrease (even temporary) in 
the rate of production of CO, when tested by the method described 
above (that is, by adding the alkali to the tube containing distilled 
water). But in the experiments with B. tuberculosis larger amounts 
of alkali had to be used, and in this case a temporary buffer effect is 
very apparent. 

Upon varying the rate of supply of CO, to the tube inserted into the 
system, a difference was found in the time necessary to attain equili- 
brium. This is important, because in the experiments on B. tubercu- 
losis in which alkali is added, the decrease in the rate of production of 
CO, by the bacteria is inseparably connected with the buffer effect. 
That is, the slower the recovery of the bacilli to their normal rate of 
production of CO2, the less CO: is furnished to neutralize the NaOH 
added, and the longer will be the time required to overcome buffer 
action. Owing to this fact, the points on curve C, figure 2, represent 
only determinations of the rate of production of CO; made after a con- 
stant rate had been attained. This was about two hours after the 
addition of alkali. 

It was also noted that after the addition of alkali, the reaction of the 
liquid containing the microdrganisms reverted constantly toward its 
original pH value. For this reason it was difficult to determine what 
pH value corresponded to a given rate of production of CO2 when 
equilibrium had not yet been attained. In order to produce this change 
in the pH value, it is evident that the alkali introduced into the tube 
containing the microérganisms was neutralized by some acid having a 
higher dissociation constant than that of carbonic acid. This acid 
would replace the CO: which may have been taken up by the Na, thus 
eliminating the existence of any carbonates. This may be a plausible 
explanation of why the pH value of the medium containing the micro- 
organisms reverts to its original condition. 

Figure 2 represents composite curves of three bacteria, B. subtilis 
(curve A), B. butyricus (curve B) and B. tuberculosis (curve C). Curves 
A and B are taken from a previous publication (5) and are represented 
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here for comparison. The abscissae are the various pH values and the 
ordinates are the corresponding rates of production of CO. In curves 
A and B, each point represents the average of a number of experiments; 
in curve C each point represents one experiment. ‘The rates indicated 
(with the exception of those in the alkaline range of curve C) were 
obtained after the bacteria had been in contact with the acid or alkali 
from thirty to forty-five minutes and had reached a constant produc- 
tion of CO.. In the alkaline range of curve C, several hours were re- 
quired before the production of CO. became constant; therefore, the 
readings indicated on the curve represent the rate at that time. 


RATE OF CO PRODUCTION 
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Fic. 2. RATE oF Propuction or CO, (EXPRESSED AS PER CENT OF THE NORMAL) AS 
AFFECTED BY THE HyDROGEN IoN CONCENTRATION (ABSCISSAE) 


Curve A,B. subtilis; curve B, B. butyricus; curve C, B. tuberculosis. The normal rate 
(or 100 per cent) represents the maximum production of CO:. This was obtained at pH 6.8 
in curve A, at 7.0 in curve B and from pH 4.4 to 7.4in the case of curve C. It was measured 
by noting the number of seconds required to change the pH of the indicator from 7.8 to 7.6. 
The time required depended upon the amount of bacterial suspension used. Each point on 
curves A and B represents an average of several experiments; each point on curve C, one 
experiment. 


A comparison of the three curves shows that the rate of production 
of CO; is a function of the pH value of the medium. 
# Below pH 5.3 B. subtilis is very sensitive to the effects of acid, while 
B. butyricus is only gradually affected as the concentration of the H 
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ions increases. B. tuberculosis is still more resistant to the effects of 
acid, being affected only when the H ion concentration of the medium 
is greater than pH 4.4. 

The marked difference in acid tolerance of B. tuberculosis as compared 
with that of B. subtilis and B. butyricus is quite noteworthy. This 
might possibly be explained by the fact that there is said to be a waxy 
envelope in the case of the acid-fast bacteria, which may hinder the 
penetration of acid into the interior of the microdrganisms. B. buty- 
ricus, while classed as an acid-fast bacillus is not as acid-fast as B. 
tuberculosis, and should be intermediate between B. tuberculosis and B 
subtilis in its metabolic activities. 

The similarity in the behavior of all of these microérganisms in the 
region of alkalinity (from 7.0 to 8.5) is also worthy of notice. 

The experiments of the writer may be compared with those of Long 
and Major (7) who used the viability of B. tuberculosis as a criterion of 
metabolism. ‘They found no apparent inhibition in growth in a medium 
having a pH from 5.4 to 7.8. This is in general agreement with the 
results of the writer on the production of CO. Minor variables such as 
differences in the composition of the medium are sufficient to account 
for the slight quantitative discrepancies which will be noticed. 


SUMMARY 


1. Changes in the H ion concentration from pH 4.4 to 7.4 produce 
no change in the rate of production of CO. by B. tuberculosis. In the 
case of B. subtilis and B. butyricus the maximum of production of COQ, 
is found at pH 6.8 and 7.0 respectively. 

2. When the H ion concentration of B. tuberculosis is increased beyond 
pH 4.4 there is a decrease in the rate of production of CO.. The rate 
becomes constant in each case and remains so for a considerable time. 

3. Decreasing the H ion concentration beyond pH 7.4 causes a de- 
crease in the rate of production of CO., followed by a return toward the 
normal rate. This decrease is not to be confused with that due to the 
buffer effect. 

4, After the addition of alkali to the microérganisms, the pH value 
gradually returns toward normal, accompanied by an increase in the 
rate of production of COs. 
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FOUR CASES OF PULMONARY ABSCESS 


RICHARD H. MORGAN 
From the Metropolitan Life Insurance Company Sanatorium, Mt. McGregor, New York 


At the meeting of the National Tuberculosis Association, in New 
York, June, 1921, a request was made that cases of pulmonary abscess 
be reported in order that a more complete knowledge of the subject 
might result. That the diagnosis of pulmonary conditions is far from 
ideal is shown by the very fact that the cases mentioned in this paper 
were sent to the Sanatorium as probably tuberculosis. This fact is the 
chief justification for this article. 

Laennec believed that pulmonary abscess as such was a very rare 
affection and felt that almost all cases so described were instances of 
faulty resolution in pneumonia. To-day our knowledge of pulmonary 
abscess includes a much wider range of etiological factors. Lord quoted 
Frankel’s observations on 1200 cases of lobar pneumonia in which there 
was an incidence of but 2 per cent terminating in abscess. . Lord’s 
reference to ‘a series of 51 fatal cases with postmortem examination at 
the Massachusetts General Hospital shows a much higher figure, namely, 
14 in the series. He believes:lobar pneumonia to be the most frequent 
single cause of abscess. Inhalation of infected material into the lung 
is no doubt the cause of a large number of cases: witness the relative 
frequency of a history of recent operation on the nose or throat (particu- 
larly tonsillectomies) and the not uncommon history of the aspiration 
of food, fluids and other foreign bodies into previously healthy lungs. 

The cases reported in this paper were sent to the Sanatorium with 
either a probable or positive diagnosis of pulmonary tuberculosis. They 
are particularly interesting inasmuch as they represent three known or 
assumed causative factors and one entirely unknown. Two of the four 
cases were proved to be abscess at the autopsy table and one by the 
surgeon. The remaining case recovered without any surgical procedure. 
The two cases going to autopsy were treated by artificial collapse of the 
lung and demonstrated the probable danger of attempting such treat- 
ment except in the very early stages of the disease. All four cases were 
in men, and the abscesses were all located in the right lung: two in the 
377 
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upper and two in the lower lobe. The two fatal cases showed multiple 
abscesses at autopsy. In three the abscess or abscesses were situated 
close to the pleura. All showed a rather typical symptomatology 
(including repeated hemoptysis). One died from massive hemorrhage, 
one from rupture of the lung with pyopneumothorax and fatal bron- 
chopneumonia, the surgical case is still under treatment and improving, 
and the remaining case recovered without surgery. 


CASE REPORTS 


1. Case 1370. S. A., male, Russian Jew, age thirty-seven, life insurance 
agent, was admitted to the Sanatorium May 31, 1919, complaining of weakness, 
cough, expectoration and night sweats. His family history was without inter- 
est and there was no personal history of previous pulmonary disease, known 
exposure to tuberculosis, or influenza during the epidemic. His present ill- 
ness began about four weeks before admission. He recalled that while eating 
dinner he had choked on a piece of food. Soon thereafter he suffered an 
acute pain in his chest. There was no sensation of strangling. He consulted 
his family physician after a very restless night and was advised that his 
symptoms were due to “stomach trouble.” Weakness kept him in bed for 
about one week and during this time he had night sweats. Toward the end 
of the week he developed a nonproductive cough, accompanied by pain in 
the “small of the back.” There was no pain produced by breathing and no 
difficulty in swallowing. He continued to grow weaker. His temperature was 
not taken. One day while lying down he suddenly expectorated a very large 
amount of very foul yellowish-brown material. At intervals he has expec- 
torated varying amounts of similar sputum. He has lost about 8 pounds 
in weight. 

On admission his temperature was 100.8° (rectal), pulse 108, respiration 21. 
General condition considered good. Blood: w.b.c., 9200; r.b.c., 4,380,000; 
Hb., 90. Nine examinations of sputum, including one antiformin method, 
were negative for tubercle bacilli; animal inoculation with sputum was negative 
after twenty-five days. His urine was negative and his blood Wassermann 
likewise. Physical examination showed signs of consolidation or cavity in the 
midportion of the right upper lobe and no evidence of disease in the remainder 
of this lung or in any portion of the left lung. On X-ray (fig. 1) a hazy density 
was seen occupying the region of the 1st and 3d interspaces on the right side. 
This was not considered definitely characteristic of tuberculosis and in view 
of his history and negative sputum preference was given to diagnosis of pul- 
monary abscess. His condition was quite satisfactory and during the first 
month of residence his temperature and pulse were not much elevated and 
the quantity of sputum averaged about 70 grams in twenty-four hours. His 
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nails became curved and there was moderate clubbing of the fingers. From 
this time on his pulse frequently became quickened with a tendency to moder- 
ate elevation of temperature; and his sputum increased markedly (average 
188 grams in twenty-four hours) and was at times heavily streaked with 
blood. At long intervals he suffered from symptoms suggesting sepsis and 


Fic. 1. Case 1, SHowrnc IN Uprer LOBE 


Typical history of pulmonary abscess. Sputum repeatedly negative for tubercle bacilli. 
Left lung normal 


at such times his sputum would be very markedly diminished. All symptoms 
would then subside on the establishment of free expectoration. Postural 
treatment was instituted; the patient gained satisfactorily in weight; his 
symptoms gradually abated, and he was finally discharged free from any 
complaints whatsoever. Up to the present time, two years from the date 


al MET.Li: 
BBOE 
: 
4 
4 
2 & 
> 
4 
4 
‘ 


380 RICHARD H. MORGAN 


of his discharge, he has remained in good health, has worked without inter- 
ruption, and there has been no reappearance of any of his symptoms. The 
case is cited to illustrate a quite definite pulmonary abscess which eventually 
healed without any treatment other than rest with postural therapy. 


2. Case 1907. H.A., Polish Jew, age forty-five years, life insurance agent, 
was admitted to Mt. McGregor October 16, 1920. His family and past 
history were unsatisfactorily obtained from his wife, but contained no positive 
information. 

On July 17, 1920, while at a public bathing beach he was saved from drown- 
ing but not before considerable water had entered his lungs. He was removed 
to a hospital where he remained for one week. At the end of the following 
week he returned to work, but after two days was obliged to give up because 
of fever (105°) and severe cough with expectoration of a foul, purulent sputum. 
From that time until his admission he had frequent remissions of symptoms. 
There have been repeated smal! hemoptyses. His condition on arrival at 
Mt. McGregor was considered unfavorable. His temperature and pulse 
suggested a septic process, although his leucocytes were only 6250, r.b.c. 
3,786,000,.and Hb. 70. His cough was severe and expectoration profuse, 
but negative for tubercle bacilli, averaging from 90 to 310 grams daily. He 
was dyspnoeic, suffered from pain in his right lung and felt exhausted. 

Physical examination: Mobility impaired on right side with impairment 
from right clavicle to 3d interspace with bronchial breathing, increased voice 
transmission and a very few medium moist rales in this area. ‘Toward the 
base there was moderately impaired resonance with absent or feeble breath 
sounds. The left lung was hyperresonant. His finger nails were distinctly 
curved but no clubbing was present. The history and findings seemed to 
warrant the diagnosis of pulmonary abscess situated in the right upper lobe. 

Stereoscopic X-ray plates (fig. 2) showed a retraction on the right side 
with elevation of the diaphragm. Extending from the hilum there was a 
rounded shadow occupying a position from the 1st to3d ribs. The diameter 
of this shadow was approximately 5cm. A triangular shadow extended from 
the lower portion of this density, its apex reaching almost to the periphery 
of the lung. 

It was decided to attempt artificial pneumothorax, but because of dense 
adhesions to the anterior chest wall over the area of dulness only partial 
collapse was possible. Only small doses of gas were used and at no time was 
a positive pressure obtained for fear of rupturing the lung. Repeated X-ray 
examinations were made to follow the results of pneumothorax treatment, 
and these definitely showed the presence of dense adhesions to the anterior 
wall of the thorax (fig. 3). Twelve days after the last injection the patient 
complained bitterly of acute pain in the right anterior axillary line at about 
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the level of the 3d and 4th ribs. There was marked quickening of the pulse 
with pronounced dyspnoea. Diagnosis of rupture of the lung was made. 
The following day signs of a pleural effusion were elicited and this was con- 
firmed by X-ray (fig. 4). An exploratory aspiration revealed free pus in the 
right pleural cavity (pyopneumothorax). His condition was considered 


Fic. 2. Case 2, SHow1ING LARGE DENSE AREA IN RiGut LoBE 


Elevation of diaphragm. Left lung negative 


critical, and following surgical consultation it was decided to do a rib resection 
and institute drainage. This was done under local anaesthesia and a large 
amount of foul pus withdrawn. His condition rapidly became worse and on 
December 1, 1920, he died. Autopsy performed within an hour of death 
showed a partially collapsed right lung adherent to the anterior chest wall 
and covered by a thickened grayish pleura. There was no free fluid in the 
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pleural cavity but a very foul odor was present. A perforation through the 
pleura at a point corresponding to the level of the 3¢rib in the anterior axillary 
line was present. This was found to be through a necrotic area of lung and 
on section an abscess cavity measuring 3 x 4 cm. was found, Surrounding 


Fic. 3. CASE 2, AFTER INCOMPLETE ARTIFICIAL PNEUMOTHORAX 


Note dense adhesions to thoracic wall 


this main abscess cavity were numerous smaller abscesses with marked infiltra- 
tion of the intervening lung tissue. A recent bronchopneumonia was present 
in the lower lobe. The left lung was reported as showing old adhesions at 
the apex posteriorly. It was unusually voluminous and in its lower lobe 
there was found a diffuse bronchopneumonia. 
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The case demonstrates a definite etiology and history with physical and 
X-ray findings, and illustrates the very obvious danger of perforation of the 
lung in attempting collapse in a case of such long standing (in this case nearly 
four months). 


Fic. 4. Case 2, Twenty-Four Hours AFTER CLINICAL SIGNS OF SPONTANEOUS RUPTURE 
oF LUNG WITH FLUID IN PLEURAL Cavity (PYOPNEUMOTHORAX) 


3. Case 2024. J. J. R., American, male, life insurance agent, thirty-one 
years old, was admitted to Mt. McGregor February 25, 1921, having been 
operated for drainage of an appendiceal abscess the previous December 10. 
For six weeks following the operation he felt quite well. His history was 
somewhat indefinite, but it was possible that following his appendicectomy he 
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might have suffered a low grade pneumonia confined to the right lung. He 
had considerable cough with expectoration which was negative for tubercle 
bacilli but discolored with blood. During the three months previous to his 
admission to the Sanatorium he had lost about 50 pounds and had had one 
night sweat. His abdominal symptoms had entirely disappeared. His 
family history did not include any tuberculosis, and his past nistory was 
negative except for influenza in December, 1918. On admission he complained 
of cough, expectoration and weakness. Physical examination showed a 
moderate impairment over the right base, both anteriorly and posteriorly, 
and in this region the breath sounds were quite feeble; no rales were heard. 
His sputum was repeatedly negative for tubercle bacilli and there was frequent 
haemoptysis. The initial X-ray showed a rounded shadow in the right lung 
(fig. 5) extending outward from the hilum at the level of the 8th and 9th ribs. 
This appeared to be about 4 x 6 cm. in diameter. The diaphragm was moder- 
ately elevated, and there was a fine shadow extending across the costophrenic 
angle. The X-ray interpretation suggested the probability of a pulmonary 
abscess, although a tuberculous consolidation was considered quite possible. 
On April 4 it was decided to attempt an artificial collapse of the right lung, 
and this was carried out with only small doses of gas and without obtaining 
a positive pressure. The lung could be only partially collapsed owing to 
adhesions, and this was confined to the extreme base and to the apex. Soon 
the physical findings indicated a diffuse spread of moisture throughout the 
entire lower lobe, and X-ray studies demonstrated a diffuse haziness, extend- 
ing from the original density in every direction toward the periphery (fig. 6). 
During this time the patient ran a moderately high fever and had a very 
rapid pulse. His sputum had a foul odor and he complained that it had a 
very disagreeable taste. There continued to be frequent small haemoptyses. 
Bacteriological studies of the sputum showed a mixed infection and on ont 
occasion a few spirochetae were seen. For this reason three doses of neoarsam- 
inol were given, but without any evident improvement in his general condi- 
tion. Beginning clubbing of the fingers with curving of the nails was now 
noted. On April 12th a surgeon attempted to aspirate the abscess cavity 
but without success. On April 19, the patient had a massive hemorrhage 
which resulted in his death. 

Autopsy performed within a few hours showed the lung densely adherent 
to the posterior thoracic wall throughout the central portion of the lower 
lobe. A large abscess cavity was found in the right lung near the hilum. 
Many small abscesses were scattered throughout the lower lobe with firm 
consolidation of the entire remainder of the lobe. A yellow pus exuded from 
the cut surface throughout the entire lobe. The pleura was thickened and 
gray, but there was no fluid in the pleural cavity. The appendix was found 
markedly enlarged with an abscess occupying its terminal third and the whole 
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thickly embedded in a mass of adhesions. No apparent connection could 
be made out between the appendiceal abscess and the diaphragm. The 
etiological factor may have been a pneumonia following drainage of the ap- 
pendiceal abscess, inspiration of infected material during anesthesia, or a 
pyemia with abscess of the lung. 


Fic. 5. 3, SHow1ING RouNnDED Density IN Ricut Hitum 


Rest of lung and_left lung negative 


4. Case 2170. L. G., male, Jewish, thirty-one years old, life insurance 
agent, was admitted to Mt. McGregor June 15, 1921. On May 16 he had 
suddenly expectorated about half a cupful of blood and during the next few 
days had had repeated small hemoptyses. There was no history of previous 
respiratory disease, his family history was negative, and his general health 
previous to his present illness had been very good. The physical findings 


= 
ay 
4 
ee 
4 


386 RICHARD H. MORGAN 


previous to admission were rales at the right base. His. general condition 
was considered good. At the time of his admission he was complaining of 
pain in his chest, cough with expectoration and night sweats, all of these 
symptoms having appeared subsequent to his hemoptysis on May 16. During 
the past month he had lost about 14 pounds and recently had had numerous 


Fic. 6. CASE 3, SHOWING EXTENSION OF DENSITY THRouGHOUT Most or Upper LoBE 


Partial artificial pneumothorax 


night sweats. There was no history of his having suddenly expectorated a 
large amount of foul sputum. Physical signs on admission were very indefinite. 
There was dulness over the right base anteriorly, but no rales were heard. 
The initial X-ray report (fig. 7) states that extending downward from the 
hilum to the right costophrenic angle there is an intense shadow which is 
indistinguishable from the heart and abdominal shadows. The border is 
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quite sharp except at the level of the 4th rib where there is an intense shadow 
about 4 cm. in diameter with indefinite outlines. This shadow extends down- 
ward. There is a definite interlobar pleurisy at this point. Slight increase in 
pulmonary markings is seen in the upper portion of the lung, but the apex is 
clear. The costophrenic angle is clear. The left lung is negative. The 
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Fic. 7. CASE 4, SHOWING AN INTENSE SHADOW IN RicHT SIDE, APPARENTLY CONTINUOUS 
WITH HEART SHADOW 


Rest of lung and left lung negative 


roentgenologist was of the opinion that the shadow was produced by encap- 
sulated fluid. A fluoroscopic examination showed nothing more than was seen 
on the films. During the first few weeks of his sanatorium residence he 
developed very marked clubbing of the fingers with curving of the nails. 
His pulse was rapid; he had moderate fever and continued to have small 
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hemoptyses. Sputum was persistently negative for tubercle bacilli, separated 
into three layers on standing, and bacteriological studies. showed a mixed 
infection. His blood showed a white count of 10,700, with a hemoglobin 
of 75 per cent and a red count of 4,144,000. His Wassermann was negative. 
Diagnosis of pulmonary abscess was made. 

It was decided to treat the patient surgically and on July 19 an exploratory 
thoracotomy was done for drainage of the right mediastinum. An aspirating 
needle was inserted in the 4th interspace two inches from the sternum. Ex- 
ploration failed to reveal pus. The incision was from sternum to anterior 
axillary line, 4th interspace. The pleura was opened, and the lung found 
partially collapsed toward the outer side. Along the median border were 
pleural thickening and adherent lung. This area was opened and considerable 
blood and some flakes of fibrin aspirated. Digital exploration showed an 
abscess about 2.5 inches long and 1 inch wide. This was drained with gauze 
packing. 

Convalescence was rather stormy, and following operation the patient 
developed an empyema which necessitated a second operation which was 
performed on August 9. His condition for some time was quite critical. 
An X-ray report, dated September 9th, states that the area of the original 
abscess shows some clearing (fig. 8), the lung is partially collapsed, and the 
diaphragm high with possibly a little fluid at the base. On October 14th, 
after several days of a normal or subnormal temperature, the patient developed 
fever reaching the high point of 102.6° in the evening. The leucocyte count 
at this time showed 15,900 cells, with a polymorphonuclear percentage of 
75. On October 18 the leucocytes were over 18,000. The patient was again 
operated on in an attempt to establish sufficient drainage October 19. A 
portion of the 9th rib was resected and the pleura, lung and diaphragm in- 
vestigated. The pleura was much thickened but no pus was found. The 
subphrenic region was explored with an aspirating needle but here also no 
pus was found. Drainage was established in this new incision. The original 
incision to the right of the sternum was then opened and an abscess cavity 
located, apparently at the site of the original abscess. The patient’s condi- 
tion promptly improved following this procedure. His temperature returned 
to normal but his pulse was accelerated; his cough continued to be severe 
and his expectoration large in amount and very foul. There was very little 
drainage from the operation wound. Again, during the first few days in 
January, 1922, his temperature and pulse gradually became elevated (132); 
his leucocyte count rose gradually to 22,800, with 75 to 80 per cent polymor- 
phonuclear cells; he suffered a few moderate chills, was short of breath and 
felt definitely ill. The sputum was heavily streaked with blood. Physical 
examination at this time showed dulness below the 2nd rib, extending to the 
4th rib on the right side in front. The whispered voice sound was increased 
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in this area. A few large moist rales could be heard extending into the axilla. 
The breath sounds were slightly bronchial. The left lung was negative. 
Fluoroscopic examination showed a large density extending out from the 
hilum in the central portion of the lung. Films made at this time confirmed 
the above findings. It was thought that another operation for drainage 


Fic. 8. Case 4, SHowinNG APPEARANCE AFTER THORACOTOMY 


Partial: collapse of right lung, elevation of diaphragm, and probably small amount of 
fluid at base 


would become necessary, but with a very profuse discharge of pus from the 
bronchial fistula the patient’s temperature and pulse promptly subsided to 
normal and his general condition became again satisfactory. Such is his 
condition at the time of writing this report. Another X-ray examination at 
this time showed a considerable clearing of the density just described as hav- 
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ing been seen extending out from the hilum in the central portion of the lung. 
There is still a definite shadow to be seen in this region. 


It would, of course, be wrong to arrive at any definite conclusions 
from such a small number of cases. They are detailed here because 
they represent quite different etiologies and because no two of them 
progressed in the same way. Our experience makes us feel that pul- 
monary abscess is not a rare disease, and we also agree with those who 
hold that attempts to collapse the lung should not be made in cases of 
long standing. 

It is probably correct to say that the history is the most important 
of all of the data necessary for a proper diagnosis. The most helpful 
points in the history may in some instances be entirely overlooked, as 
was true in case 1. In this case it was necessary to go into the history 
repeatedly before we obtained the unquestioned etiology of his illness. 
In case 2 the probable etiology as brought out by the history warranted 
the presumption of abscess when viewed in connection with the pulmonary 
data. Case 3 was known to have suffered an illness during the previous 
two or three months, and the possibility of a pyemic process resulting 
from his appendiceal abscess could not be lost sight of. In case 4 the 
most painstaking history failed to give us any light as to the origin of 
his infection. 

In every case there was seen either at the time of admission or during 
residence a marked clubbing of the fingers. Also, every case expecto- 
rated blood repeatedly. 


CONCLUSION 


Given a case exhibiting pulmonary symptoms, such as cough with 
profuse, foul smelling expectoration, negative for tubercle bacilli and 
frequently containing blood, also marked evidence of toxemia, rapid 
pulse, high fever and leucocytosis, with a tendency to exacerbations of 
such symptoms, we should make every effort to reveal apparently insigni- 
ficant etiological factors in the history. Frequently such historical data 
will establish the diagnosis of lung abscess. 
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A CASE OF PULMONARY TUBERCULOSIS WITH EXTEN- 
SIVE INVOLVEMENT WITHOUT SYMPTOMS 


I, S. KAHN 


San Antonio, Tex1s 


G. S., age twenty-seven, single, carpenter, first seen January, 10, 1922, 
had a family history positive for tuberculosis. Past history was nega- 
tive, except for attack of pleurisy and pneumonia (?) in 1908. Tapped 
for fluid, none secured. Was advised to go West for his health after 
convalescence. Did so, remaining six months in El Paso, working 
constantly without ill effect, and has worked constantly ever since. 
Present Iliness: Fistula in ano started five years ago: incised, and 
discharged for one year. Fistula, returning a few months ago, was 
excised November, 1921, under prolonged ether anaesthesia with prompt 
closure. No fever or cough during stay in hospital following operation, 
the wound of which healed promptly. On account of suspected tuber- 
culous nature of fistula and past history, an X-ray of the chest was 
taken, and, although without symptoms of active pulmonary tuberculosis 
the patient was referred: to me for observation and treatment. 
Examination: Showed a tall, thin man, looking and feeling well in 
every way. Height, 74 inches; weight, 157 pounds. No fever, cough 
or expectoration: sputum hence unavailable for examination. Chest: 
long, narrow and shallow with prominent clavicles and decided flatten- 
ning and limited respiratory excursions over both upper fronts. Isthmi 
and complemental spaces very narrow, especially on left side. Right 
lung showed dulness over upper half of upper lobe, back and front with 
diminished breath sounds of bronchovesicular type, but with very 
slight deviation from the normal physical findings for this region. Left ’ 
lung showed dulness throughout with diminished breath sounds, es- 
pecially above the 2nd rib and 4th dorsal spine. Axilla hyperresonant. 
No rales could be detected on either side even following coughing 
efforts. All changes from the normal on physical examination rather 
slight, and not at all what the excessive involvement as shown by the 
X-ray would seem to have called for. (Physical findings were confirmed 
by Dr. W. S. Hanson of San Antonio.) 
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P 
X-ray (repeated with identical findings) as shown by figure 1, shows 
extensive involvement of both lungs, very marked in amount for an 
ambulant patient who was not at all sick and was free from symptoms. 
‘Urine and blood (including repeated Wassermanns) were normal. 


Fic. 1. RADIOGRAFH OF CHEST, TAKEN JANUARY 15, 1922, SHowrNc Massive BILATERAL 
TUBERCULOUS INFiLT2ATiON 


Purely in view of the X-ray findings, and in spite of the complete 
lack of clinical symptoms and physical signs indicative of disease activity, 
the case was placed in a hospital under rest cure for two weeks for ob- 
servation. During this period, there was no cough, expectoration or 
fever, and no rales detectable by almost daily chest examinations, so 
that the diagnosis of tuberculosis was even considered doubtful. The 
patient then transferred to an outdoor camp for another month for 
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further observation and given daily light exercise. He gained 20 
pounds during these six weeks, but his condition otherwise remained 
unchanged without the slightest evidences of tuberculous activity. 

In the first week of March, 1922, he contracted influenza during the 
present local epidemic. From the start, as might have been expected, 
he ran a high temperature and was decidedly sick. He began to cough 
almost at once, with profuse expectoration. Chest examination now 
revealed numerous subcrepitant and indeterminate rales over the entire 
left upper lobe, front and back. These have persisted, with lesser 
signs of activity on the right side in the same region. The sputum 
was now markedly positive for tubercle bacilli on two occasions, thus 
ending all diagnostic questions. The fistula in ano has since reopened. 
Prognosis is dubious. 

This case is remarkable for the enormous extent of lung involvement 
without symptoms, for the minimum physical signs detectable previous 
to the lighting up of activity, and also for the failure of such an extensive 
process to become active following prolonged ether anesthesia a few 
weeks previously. 
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LIGHT TOUCH PALPATION 


LUNG CHANGES DEMONSTRABLE BY SUPERFICIAL SKIN 
PALPATION 


CLARA JACOBSON! 
Chicago 


In examinations for the determination of pathological conditions 
in deep tissue one’s accuracy is dependent, at least to some extent, 
upon having several different kinds of observations to correlate. The 4 
more extensive the pathological changes, the more definite the findings 4 
usually are and the more we can rely upon the ordinary methods of ; 
examination for making the diagnosis. When, however, these changes ‘ 
are very slight or are diffuse, they are often accompanied by less definitely ; 
demonstrable signs of abnormality and here a variety of findings elicited 
by different methods of examination may be valuable, lessening the 
chances of oversight. 

In the consideration of possible lung a we may and often do 
suspect tuberculosis when symptoms and general appearances are sug- 
gestive, but in localizing pathological processes we usually depend 
upon sounds brought out by percussion or auscultation. We need 
not, however, be limited to the detection of audible changes. There 
are visible changes in contour, asymmetry, abnormal depressions and 
retractions, defective expansion and atrophy. There are also definitely 
palpable changes, and much is to be gained by the development of the 
sense of touch in chest examinations. In fact, Pottenger (1) states that 
“Palpation will give him who is expert in its use nearly all information 
that can be obtained on percussion and some that cannot.” He further ; 
states that the following conditions can be determined by it: Infiltra- ; 
tions, cavity, emphysema, thickened pleura, pleural effusion, position 
of the heart, mediastinal growths, lower borders of the lungs, upper 
borders of the apices, positions of the liver and, under certain conditions, 
the outline of the stomach. : 

Having read these statements, our mind reverts very quickly to the 
idea of the necessity of expertness in determining any one of these con- 4 
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ditions by such a method as palpation. Pottenger, himself, admits 
his surprise when he first noted that by “light touch palpation” he 
was able “‘to detect differences in density of tissues which were situated 
within the great cavities of the kody at a distance from the surface 
walls” (2). Having made similar observations, by what I believe is a 
slightly different technique, independently and before learning the 
details of Pottenger’s method, I wish to emphasize the value of develop- 
ing this sense of touch. It is far more agreeable, especially to children 
or delicate adults, than the heavy forcible percussion so often used, and 
surpasses, I believe, the latter in accuracy, being rather comparable to 
light percussion in this respect. 

Gross pulmonary changes, causing variations from the normal and 
notable by inspection, are associated with more or less easily palpable 
changes in the superficial and deep tissues of the chest wall. As examples 
of these changes, we may mention marked atrophy or degeneration of 
subcutaneous tissues and muscles in chronic cases of lung infection, 
especially due to tuberculosis. Also, the presence or absence of lagging, 
of tactile fremitus and of enlarged lymphatic nodes is quite readily 
determinable. However, the detection of slight degenerative changes, 
or better, the earlier increased muscle tonus or spasm over areas of 
acutely though not necessarily extensively inflamed lung tissue, demand 
somewhat more practice and skill in discernment and differentiation 
from voluntary or superficial local factors. This increased muscle 
tonus, demonstrable best by “‘light touch palpation” may be explained 
upon the basis of the segmental nervous distribution elucidated by Head 
(3). Head showed how inflammations of internal viscera cause disturb- 
ances in sensation and trophic changes in certain areas of the skin, and 
in these visceral inflammations the tender skin zones represent areas 
supplied by segments of the spinal cord rather than by nerve roots. 
We may assume on the same basis that irritation stimuli, coming from 
diseased intrathoracic tissues, are answered by motor responses in 
muscles supplied by the same segments of the spinal cord; therefore, the ’ 
muscle spasms. The muscle spasm is followed by a localized atrophy 
apart from the generalized emaciation due to toxemia. This atrophy is 
popularly ascribed to a trophic nerve disturbance. Physiologically, 
however, the presence of such trophic nerves are not satisfactorily de- 
monstrable, and theories of atrophy from overstimulation and fatigue 
or vasomotor changes seem more acceptable (4). 


4 
4 


396 CLARA JACOBSON 


In studying the “light touch palpation” method three questions 
arise: What is it that one may expect to feel; resistance, tissue vibra- 
tions or what? How is the test best applied? How may one educate 
one’s sense of touch to note the variations described? While the above 
seems a logical sequence the questions are most easily answered in 
reverse order. In my own experience the ability to detect changes in 
intrathoracic tissues by light touch palpation was not gained directly, 
but came through a series of steps. Heavy percussion makes the most 
definite impression to the less experienced examiner. In development 
of technique there is a progressively diminished force in percussion, 
until we come to value the light percussion as being the more accurate 
in locating and defining pathological areas (there is less of the surrounding 
tissue set into vibration to confuse the examiner). Upon further study, 
light percussion is found to yield evidence of the varying densities of 
the deeper tissues, not only by sound but by a corresponding sensation, 
usually noted as a resistance felt by the percussing finger. This quality 
becomes more easily noted by a very slight immediate percussion. 
Having thus acquired the ability to detect this quality, the transition 
to “light touch palpation” is easily attained. 

How is the test best applied? As Pottenger directs, ‘the palpation 
should be done with the pulp of the fingers where the sense of touch is 
developed the keenest.” The touch is “so light that it scarcely causes 
indentation of the superficial tissues’ and ‘‘one must concentrate on 
the sensation produced at each touch.” The last statement implies 
a series of very gentle strokes and comparison of the sensations obtained 
at each contact between examining fingers and patient’s skin. I wish 
to add that a similar sensation is obtained, and to me more easily, by 
slowly and gently “trailing” the fingers over the part examined. This 
is done with the least possible pressure, without apparent indentation 
of the skin, using, as above advised, the pulp of the finers and concentrat- 
ing here on the detection of successive variations as well as the actual 
sensation. 

What is it that one may expect to feel? This has been referred to 
as a sense of variable resistance. It is difficult to explain why there 
should be such differences in resistance palpable through one or two 
inches, even more, of chest wall, depending upon a comparatively slight 
pleuritic thickening or an area of infiltration. The findings are prob- 
ably due to tissue vibrations. Percussion sets up vibrations which 
are audible. A lighter stroke may not be accompanied by a sound, 
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yet it may produce the same palpable sensation as is felt with per- 
cussion. In the living, the movements of the heart and lungs keep 
these tissues in constant vibration, and I believe here is the source of 
the sensations noted upon passing or trailing the fingers over the skin,— 
the quality of these findings being dependent upon the material through 
which the vibrations are conducted to the surface. 

In applying light touch palpation as a method of physical examina- 
tion, it is advisable to follow a certain definite routine, marking with a 
pencil each change felt. We recommend starting anteriorly, over 
the apices, trailing the fingers from the neck outwards, outlining the 
heart by passing from lung to heart borders, either over interspaces or 
ribs consistently, finding upper border of liver and lower margins of the 
lungs. Then posteriorly, we mark out the apices and lower borders 
at end of expiration and of inspiration, respectively. It is obvious that 
in thus testing the movements of the lower lobes we may not palpate 
consistently, only in interspaces or over the ribs. This does not seem 
to matter here as much as in outlining the heart or infiltrations, probably 
because the change is more abrupt and definite. Having found our 
landmarks, one side is compared with the other and areas of increased 
or decreased density are outlined. In this way, pleuritic thickening, 
pleural effusions with the typical Ellis line, pneumonic consolidations, 
infiltrations and cavity formation, as well as such abnormalities of the 
heart as enlargement, displacement, pericardial effusion and widening 
of aortic arch have been determined satisfactorily. 

In this form of physical examination as with any other it is well to 
correlate other findings. Thus, we advise verification by means of 
inspection, light percussion and auscultation. Here, as elsewhere, 
there are certain sources of error, subjective and objective, depending 
to a great degree upon the skill of the examiner. Subjectively, we must 
consider the personal equation and imagination; in fact, one feels very 
suspicious of oneself at first, until one can demonstrate to the satisfac- 
tion of others that, for instance, apical outlines come within a quarter- 
inch or less of their most careful percussion findings. On theotherhand, 
a failure to concentrate results in lack of perception, and persistence 
and patience are necessary to cultivate the sense of touch necessary for 
these observations. 

Objectively, accuracy with this method is dependent upon factors 
similar to those which are relevant in percussion. Thus, in the latter 
we consider the thickness of chest wall, presence of fat, large mammary 
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glands, development of muscles, their state of contraction or relaxation, 
and whether we are percussing over rib or interspace; so also with light 
touch palpation. Of the two methods, a percussion sufficiently strong 
to give satisfactorily definite sounds through thick walls gives less definite 
outlines than are noted by palpation. 

In conclusion, we wish to reiterate that it is possible by light touch 
palpation to detect differences in density of tissues which are situated 
within the great cavities of the body at a distance from the surface walls, 
and the method as here described is applicable to examinations not only 
for tuberculosis but any abnormal condition of intrathoracic viscera. 
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ARTIFICIAL PNEUMOTHORAX FOR PULMONARY TUBER- 
CULOSIS WITH COEXISTING DIABETES OF 
UNUSUAL ONSET 


REPORT OF A CASE 


EVERETT K. GEER 


Pokegama Sanatorium, Saint Paul, Minnesota 


Throughout the voluminous literature on artificial pneumothorax one 
encounters repeatedly the statement that diabetes is a contraindication 
to inducing collapse of the lung. Although no explanation has been 
noted for this contraindication, it is justifiably assumed that preserva- 
tion of the continuity of tissue has been the thought in mind. 

In the past two years we have had two cases of pulmonary tuberculosis 
with coexistent diabetes in which pneumothorax was induced with no 
untoward effects which could be ascribed to the diabetes. The thora- 
centesis wounds healed promptly after each refill. 

One of these cases is of particular interest because the diabetes mani- 
fested itself several months after the onset of the pulmonary lesion. 
Janney and Newell (1) are of the opinion that “there seems to be no 
question of the rarity of the development of diabetes in patients exhibit- 
ing active tuberculous disease.’ Montgomery (2) in an extensive 
survey of sanatorium records found no case in which the tuberculosis 
was primary. Wilder (3) thinks the sequence of diabetic symptoms 
developing after tuberculosis has manifested itself is rather unusual. 
Brown (4) in his extensive experience with tuberculosis has not en- 
countered this order of things. Beard (5) on the other hand has seen 
three such cases during the past year. 

In view of the accepted theory at the present time that infection of 
the pancreas may be a prominent etiological factor in diabetes, it is 
interesting, though perhaps idle, to speculate as to whether this man’s 
diabetes comes from a possible tuberculous pancreatitis. Seyfarth (6) 
believes that tubercle bacilli are capable of producing a chronic pancrea- 
titis. Sloboziano (7) has found that pancreatic lesions are determined 
by pulmonary tuberculosis. 
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CASE REPORT 


W. H. L., male age thirty, married, street car motorman. No tuberculosis 
nor diabetes in family history. Habits good. Herniotomy in 1911. Presenj 
illness: Felt well up to September, 1918, when he began to cough and expec- 
torate, and lose strength and weight. In November, 1918, he had “influenza,” 
following which he had two pulmonary hemorrhages. His sputum was 
examined at this time and tubercle bacilli were found. He was sent to Wood- 
man Sanatorium in December. The latter part of January, 1919, he began 
to be unusually thirsty and had to void frequently. Glycosuria was found at 
this time though previous urinalyses were negative. On suitable diet he 
became sugar-free. He had recurrent hemorrhages and was kept in bed till 
July, 1919, when pneumothorax was induced on the left side. After four 
inflations his blood-spitting stopped and has not recurred. In November, 
1919, he was discharged from Woodman and came to St. Paul under our care. 
He found suitable work and reported every two weeks for refills. He con- 
tinued working until November, 1921, when it was noticed that he had an 
acetone breath. Previous to this he had remained sugar-free. He was sent 
to the hospital where his urine showed 6 per cent sugar, acetone and diacetic 
acid, while his blood sugar was 0.37 per cent. With the Allen treatment he 
was rendered sugar-free in five days and has remained so. The fasting period 
was borne well. At present he takes 45 grams carbohydrate, 80 grams protein 
and 175 grams fat which keeps his weight stationary. 

Refills were discontinued in- December, 1921, and his lung reéxpanded with 
no appearance of symptoms until March 15, 1922, when he suddenly began to 
have copious hemorrhages. Although the lung had come out to the chest 
wall, it was possible to introduce 1300 cc. of air which stopped the bleeding 
promptly. He has pursued an uneventful course since. 


CONCLUSIONS 


1. Artificial pneumothorax can be induced with a coexistent diabetes 
without harmful effects. 

2. A case is reported in which diabetic manifestations began. five 
months after the onset of pulmonary tuberculosis. 


I wish to acknowledge my gratitude to Dr. R. M. Wilder, Rochester, Minnesota, for q 
access to his valuable index file on diabetes and its complications. 4 
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CODLIVER OIL IN THE TREATMENT OF TUBERCULOSIS 


HARRY E. KIRSCHNER 


Monrovia, California 


“The phthisical patient avoids fais’ —TRuDEAU 


The writer has witnessed two different periods in the practice of 
medicine. While a student twenty-five years ago his preceptors used 
in an empirical way certain drugs which had been handed down for 
many years by their predecessors. During recent years, in the opinion 
of the writer, too many of these remedies have been discarded for newer 
things which have not stood the test of time. The writer believes that 
codliver oil is one of the former. 

The earliest record of the use of codliver oil is in 1771, when it was 
used in chronic lithiasis, having been thus employed in England for 
many years, and apparently having been a folk remedy for centuries. 
During the last one hundred years codliver oil has been used very ex- 
tensively in the treatment of children for tuberculosis and for almost 
all diseases associated with wasting and malnutrition. 

In the Brompton Hospital, England, codliver oil has been used in 
the treatment of tuberculosis for nearly a century. Textbooks fail 
to give it proper prominence in discussing the treatment of tuberculosis, 
although Bennett (1) in 1879 says, ‘‘Cod liver oil stands highest in the 
professional mind in the treatment of pulmonary tuberculosis.” Turban 
(2) in 1905 wrote, ‘‘When a lesion of the lung has been demonstrated, 
no time should be lost in administering remedies such as codliver oil 
and the like.” Sabourin (3) in 1921 stated, “‘Most remarkable results 
follow the use of codliver oil—that any practitioner can cite instances 
of wonderful recoveries due to the tissue restoring action of this product.” 
In recent textbooks are many statements like the following: ‘‘Codliver 
oil is not used because we can obtain equal results with milk and eggs.” 
I will cite you recent experiments that have proved beyond doubt that 
codliver oil contains valuable properties which cannot be supplied by 
any food. 

Codliver oil is very readily absorbed and assimilated (4), and hence 
is of great value in cases where the nutrition is poor. Containing a large 
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amount of unsaturated fatty acids it is much more readily absorbed 
than are the ordinary fats. Only a small proportion, up to 14 per cent 
of fat in the saturated form is absorbed from the intestinal areas, whereas 
almost the entire amount, 98 per cent, of unsaturated fats is absorbed 
(5). Codliver oil is also of service in promoting the absorption of other 
fats. This has been shown by comparing the rate of absorption of 
ordinary fats from a loop of intestine containing also codliver oil with 
one not containing it. 

McCann (6) has recently shown that the administration of fat causes 
much less respiratory ventilation than is the case with the amount of 
carbohydrates necessary to produce an equal amount of heat and energy. 
Codliver oil, being readily absorbed and assimilated, ought to do good 
in cases in which it is desirable to limit respiratory ventilation, as in 
active pulmonary tuberculosis. The value of codliver oil is, however, 
far greater than can be explained by its fat food value and its ability to 
promote the absorption of other fats. Iodine, bromine, phosphorus, 
cholestrin and bile salts have all in turn been credited with the peculiar 
properties of the oil, but these theories have been successively abandoned. 

Iscovenco (7) believes that the good effect of codliver oil is due to its 
lecithin content. He treated a large series of animals for a period of 
four months. Those that got the oil increased in weight to the extent 
of 55 per cent. Those that got oil from which the lecithins had been 
removed gained only 27 per cent. Those which were given olive oil 
gained 33 per cent. Others were given olive oil to which was added 
0.5 per milligram of the lecithins extracted from codliver oil, and they 
gained 56 per cent. The control animals gained only 29 per cent. 

Williams and Forsyth (5) believe that codliver oil has a directly 
harmful effect on the tubercle bacillus. They mixed a culture of tubercle 
bacilli with each of the following fats: olive oil, palmitin, mutton fat 
and codliver oil. These mixtures were left in an incubator at 37°C. for 
several months. They were stained with carbol-fuchsin and subjected 
to the usual decolorizing action of acid. The bacilli mixed with palmitin 
and mutton fat, even after a period of several months, retained their 
normal acid-fastness. The olive oil-treated bacilli would not retain the 
stain quite so well. The bacilli mixed with codliver oil showed a striking 
change in that they were very readily decolorized by the acid. This was 
noted to a certain extent after the oil had acted for but two weeks, but 
was very marked after a period of two months. The authors believe 
that the large amount of unsaturated fatty acids which codliver oil 
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contains causes disintegration of the waxy fatty envelope of the tubercle 
bacillus on which its acid-fast property is dependent. It is possible 
that codliver oil absorbed and permeating the tissues may have a similar 
effect on tubercle bacilli in the lesions of the disease. 

Rogers (8) has made a preparation of the sodium salts of the un- 
saturated fatty acids of codliver oil after extraction by ether, which he 
calls sodium morrhuate. He gives a number of favorable reports of the 
use of this drug in tuberculosis. He believes that this substance dis- 
integrates the coating of the bacillus and thus renders it less resistant 
to the destructive action of tissue cells. Walker and Sweeney (9) were 
unable, however, to detect any bactericidal property in the Rogers 
preparation. 


VITAMINE CONTENT 


Codliver oil is especially rich in the fat soluble A vitamine. This no 
doubt accounts for its great value in promoting the nutrition of emaciated 
persons, and also experimentally in maintaining the normal growth of 
animals, which, without the substance containing this vitamine, have 
their growth markedly interfered with. 

Zilva and Miura (10), in experimenting with young rats, found that 
crude codliver oil has a vitamine potency two hundred and fifty times 
that of butter. The refined oil is somewhat less active, but is, however, 
far superior to butter. It is well known that heat and certain chemical 
agencies will destroy vitamines. It is quite probable, therefore,that 
these preparations of codliver oil which have had most of their color 
and odor removed, have received such severe treatment as to have lost 
much of their vitamine content. 


CODLIVER OIL AIDS IN THE ABSORPTION AND DEPOSIT OF CALCIUM 


There appears to be at least three good reasons for increasing the 
calcium content of the body in tuberculosis: First, to overcome the 
demineralization, which French writers have apparently demonstrated 
as taking place in tuberculosis, and thus restore the normal calcium 
balance to the system, a condition very essential to health. Second, to 
secure the deposit of calcium in tuberculous foci, in order to promote heal- 
ing mechanically by inducing fibrosis, and also calcification of the lesion. 
Third, to stimulate phagocytosis. Nagai and Itol(11) stated that follow- 
ing the administration of calcium chloride, leucocytes incorporate tuber- 
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cle bacilli more readily and in larger numbers than if it is not given, 
They believe that this explains the good results which they have obtained 
in the treatment of certain cases of tuberculosis in the Tokio city 
poorhouse. 

Halverson, Mohler and Bergerin (12) have shown that in certain cases 
of uremia, with a low blood calcium content, it is possible to increase 
the latter by the administration of calcium lactate. Brown, MacLachlan 
and Simpson (13) have shown that the adminstration of codliver oil 
and phosphorus produces an increase in the amount of blood calcium, 
and a disappearance of the symptoms of tetany. It may likewise be 
presumed that if there is a deficiency of calcium in tuberculosis, it may 
be possible to increase the amount of blood calcium by the proper 
administration of codliver oil. 

The success which has attended the treatment of rickets in children 
as demonstrated by laboratory and clinical work during the past fifteen 
years indicates that the administration of codliver oil leads to a deposit 
of calcium in the cartilaginous portions of bones, which, as a result of 
the disease, have failed to calcify. Radiograms of some fifty children 
treated for rickets at the Johns Hopkins University by Park and How- 
land (14) clearly indicate the extensive deposit of calcium salts following 
the administration of cod liver oil. 

Recent experiments on rats (15) in which experimental rickets was 
induced by feeding a diet with a deficiency of fat soluble vitamine A, 
and then given codliver oil, showed that calcium salts were deposited in 
the proliferated zones of the epiphyseal cartilages in from two to seven 
days, in spite of the fact that in some cases the calcium intake was far 
below normal. Hess, in a paper read before the Harvey Society, reports 
extensive observations on children in New York City in regard to de- 
ficiency conditions. The remedy which he mentions as being particularly 
valuable in combating rickets, one of the most common of these con- 
ditions, is codliver oil, which was proved to favor the deposition and 
fixation of calcium in the bones. This clearly proves that codliver oil 
favors the deposition of calcium salts in the tissues which normally 
contain such. Whether or not it will likewise favor the deposition of 
calcium in tuberculous foci remains to be determined. Such an investi- 
gation would be well worth while. | 


The writer was encouraged in presenting this paper on account of such 
incidents as will now be related. A patient, who before coming under 
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my care had spent a long time in different health resorts, was a chronic 
fibroid case with periodical spells of activity, and was very much under- 
nourished. After a number of attempts to have her gain weight, the 
writer advised the use of codliver oil, and expressed his belief that it 
was one of the most important factors in securing a recovery from tuber- 
culosis. This patient was a very conscientious person and went at the 
taking of cod liver oil with great determination. When seen recently 
she expressed to the writer the belief that her great improvement and 
recovery were due to her persistence in the use of codliver oil. A phy- 
sician is now under treatment who, in spite of rest and diet, had never 
been able to gain weight. This patient was encouraged to take codliver 
oil and, with a daily consumption of from two to three ounces, he has 
not only gained weight, but all symptoms have improved. 


ADMINISTRATION 


Many people do not object to the taste of refined codliver oil as placed 
on the market by our best pharmaceutical houses. For those who object 
the taste can be greatly overcome by one of the following methods: 
Keep the oil and tablespoon on ice, for when the oil is cold one does not 


detect its odor. Put in a glass a tablespoonful of grape juice, moisten 
the glass with the juice up to the rim, float on the juice a tablespoonful 
of pure codliver oil and swallow it as rapidly as possible. 

I at one time took codliver oil by adding to it one of the standard 
preparations of malt. This preparation was placed in half a glass 
of water and thoroughly emulsified. To this was added a teaspoonful 
of malted milk and thoroughly mixed. The glass was then filled with 
miik and this was taken after each meal. A patient who can take cod- 
liver oil in this manner is certain to gain in weight. 

I have recently tried the following method with people who claim that 
they cannot take fats, and that the thought of codliver oil nauseates 
them. The pure codliver oil is put in capsules, beginning with a capsule 
which holds 8 minims. One is taken at bedtime the first day, the next 
day two may be taken. The number or, better still, the size of the 
capsules may be increased. I have found almost invariably that by 
starting the oil in small doses at night the patient can soon build up a 
tolerance to it. 

The failure to obtain results with codliver oil has often been due to 
two factors: lack of sufficient amount and continued for too short a 
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time. From one to three ounces should be taken every day for from 
one to two years, or longer, if the disease has not been arrested. 


SUMMARY 


1. Codliver oil is a very valuable remedy in the treatment of 
tuberculosis. 

2. Although used a for centuries, recent scientific investiga- 
tions have demonstrated that its value is dependent upon a number of 
different factors, as follows: 

(a) Its large amount of unsaturated fatty acids permits it to be 
almost entirely absorbed and thus furnishes a large amount of fat food. 

(b) It promotes the absorption of other fats. 

(c) It limits respiratory ventilation. 

(d) It has a destructive action on the tubercle bacillus. 

(e) It has a large fat soluble vitamine A content several hundred 
times that found in butter. 

(f) It favors the absorption and deposit of calcium in the tissues. 

3. It is important that it should be given in sufficient doses and 
continued for a sufficiently long time. 
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THE USE OF CALCIUM IN PULMONARY TUBERCULOSIS 


THOMAS J. BEASLEY 


Indianapolis, Indiana 


That calcium bears a definite relation to the healing of tuberculous 
lesions must be apparent to all who are familiar with the pathology of 
this disease. Skiagraphic and fluoroscopic examinations of the lungs of 
tuberculous subjects have added much to our knowledge of the rdle 
that calcium plays, not only in the cure but also in the prevention of 
tuberculosis. 

During the last twelve years, in which time the writer has been study- 
ing the relation of calcium to the healing of tuberculous lesions he has 
observed the clotting time of the blood of many tuberculous patients, 
and has come to regard that, in ratio to the time the disease has existed 
and the extensiveness with which it has progressed, the coagulation time 
of the blood is prolonged. The observation of this fact has led to his 
empirical use of calcium in the treatment of his patients. The rationale 
of this procedure has been confirmed by the common observation that 
patients to whom calcium is administered who show a prolonged coagula- 
tion time, invariably show in due time a return to the normal, or even 
less than the normal coagulation time. This has been interpreted in an 
empirical way to mean that there is an apparently deficient supply of 
calcium in the blood of the tuberculous, and that its administration 
restores this deficiency. 

The writer has made extensive study and use of the various salts of 
calcium in the treatment of tuberculosis (1), and since 1913 has ad- 
ministered calcium chloride intravenously in selected cases, and the 
results in many cases so treated have convinced him that this procedure 
is beneficial. The series of patients has been sufficiently large, and the 
observation has extended over a time long enough to warrant the con- 
clusion that this agent can be classed as an aid in the treatment of tuber- 
culosis. The technique of injection, preparation of solution and dosage 
was published in detail in the New York Medical Journal, July, 1917. 

This method has been used by other workers, especially in the treat- 
ment of intestinal tuberculosis, and they have reported excellent results 
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(2) (3) (4). The writer has used this method in only one case of intes- 
tinal tuberculosis. This patient attained an apparent cure, which is 
now of two years’ duration. 

There are certain distinct disadvantages in the intravenous use of this 
preparation in the treatment of tuberculous patients. No matter how 
perfect the technique, how carefully the solution is prepared, or how 
carefully patients are selected, many will react violently to ‘the injections 
and, until such time as we are able to overcome this disadvantage, the 
field of usefulness of this procedure will be limited. 

The writer has frequently made the observation that excellent results 
would follow the administration of calcium in many patients in which all 
other remedies had failed. But in many cases he has likewise observed 
it to fail to be of benefit when it would be expected to do at least some 
good. These observations have forced the conclusion that there must 
be some entity lacking within the patient’s economy that prevented 
calcium from being deposited in the infected areas. 

In a recent study of the relation of calcium to rickets, Shipley, Park, 
McCollum, Simonds and. Parsons (5) state “that ocular and conclusive 
evidence of the specific beneficial effect of codliver oil on rats suffering with 
experimental rachitis, in that some substance in codliver oil caused cal- 
cium to be deposited in the same fashion in which deposition occurs in 
spontaneous healing in man.’”’ Premister, Miller and Bonar (6) observe 
that phosphorus and codliver oil in some way restore the power of 
normal ossification which in rickets is temporarily lost. ‘In the case 
of codliver oil,” they say, “the result might be attributed to the 
presence of fat soluble vitamine A.”’ 

A study of the conclusions of these workers in the field of rickets may 
afford a better understanding of the failure on the part of the body in 
many instances to deposit calcium in sufficient quantities, not only in 
the primary tuberculous infections of the bronchial lymph nodes, but 
the absence of this entity apparently found in codliver oil may also 
account for the failure of the further protective influence of calcium 
manifesting itself in combating the disease after it has gained a start 
in the parenchymatous structure of the lungs. 

A further following of this thought brings us to a consideration of the 
now nearly discontinued empirical use of codliver oil in the treatment 
of tuberculosis. Up to the last decade no other remedy was so uni- 
versally used in the treatment of tuberculosis, and no one can doubt 
that the generation of physicians who preceded us did much good with 
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this preparation in the therapy of this disease. One need not go far 
to find an explanation for its discontinuance, when we think of the prog- 
ress modern pharmacy has made in the production of tasteful and 
attractive pharmaceutical products. Hence, we now have a clientele 
that objects to the offensive appearance and taste of codliver oil, to say 
nothing of the certain objectionable features it has upon digestion. 

In the new light in which we can now view the therapeutic value of 
codliver oil as related to rickets, may we not conclude that the empirical 
use of this product in the treatment of tuberculosis has been misunder- 
stood; and that its real value is not found in that it added to the patient’s 
nutrition and afforded a means of maintaining body weight by its inges- 
tion as a fat, but that in the preparation is to be found a substance which 
causes in tuberculosis, as it does in rickets, the fixation of calcium? 

Hoping to gain for my patients the advantage, which to me now is 
more apparent than ever before, that calcium does bear a fixed and 
definite relation to the prevention of active tuberculosis and acts as an 
aid in the healing of tuberculous lesions, I have sought to combine 
calcium with codliver oil, believing that in this preparation is to be found 
a substance which will produce better results than can be obtained by 
the use of calcium alone. To 5 gm. of anhydrous calcium chloride to- 
gether with 60 minims of codliver oil, I have added 1 gm. of iron. It 
is intended that this last element will take care of the anemia which is 
constant with these patients. One dose is administered after each meal. 

Let no one suppose that these suggestions are offered as a cure for 
~ tuberculosis, but they are to be used only as an aid in conjunction with 
all of the established and recognized measures that have proved of 
value in the past. 

These suggestions I submit in the hope that they may arouse the 
interest of others in the field of phthisiotherapy, and that out of the 
combined effort of all may come improvement in the treatment of 


tuberculosis. 
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THE PLASTER CAST IN THE TREATMENT OF 
PULMONARY TUBERCULOSIS 


NATHAN LEVITT 


Eudowood Sanatorium, Towson, Maryland 


The object of this paper is to present a series of cases treated at 
Eudowood Sanatorium by the application of a plaster cast to the chest, 
with the purpose of limiting expansion. The lungs are organs that 
never rest, but are always in constant motion, expanding and contract- 
ing at the rate of 12,000 times per day throughout life. By limiting 
the respiratory excursions of the thorax we lessen the work of the lungs 
and in this way at least partially rest them. 

Rest is the chief factor in the treatment of almost all nontuberculous 
diseases as well as tuberculosis. In the treatment of cancer or ulcer 
of the stomach a gastroenterostomy is done, in diseases of the colon a 
colostomy is performed, and in every case rest is the desired object 
for the affected organs. In surgical tuberculosis as in Pott’s disease 
and in tuberculous joints we apply plaster casts to immobilize the dis- 
eased parts or, in other words, rest them. 

Norman Bridge (1) says, “A lung is rarely completely immobilized 
either by the accidents of disease or artificially; by outside appliances it is 
nearly impossible to immobilize it completely; movement of the mediasti- 
num is sure to give it some motion.” In another part of his paper he 
says, ‘The partial resting of a lung by bandages and adhesive straps, 
and by jackets and other forms of apparatus applied outside the body, 
while never able to stop motion entirely, substantially always does some 
good. It relieves cough, lessens the pain of severe exercise of the nius- 
cles of respiration, and avoids the violence to the diseased structures 
that always comes from motion and cough.” 

Kinghorn (2) says, ‘Complete immobilization of a lung, which is 
reduced to a suitable degree without there being at the same time 
possible mechanical injury from pressure, should be striven after.” 
Kinghorn also quotes Tendeloo as saying 


That the decrease of the breathing capacity of caudal lung alveoli to the 
breathing capacity of normal cranial alveoli favors here the growth of the 
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tuberculous foci; that the stretching of tuberculous tissue is dangerous; that 
if the breathing capacity increases over the normal (up to emphysema) ‘it 
can act favorably; that if the tuberculous apices of the lungs are forced arti- 
ficially to deeper inspiration, blood, lymph and oxygen contents of the tissues 
increase and that in addition mechanical injuries occur, all of which act 
harmfully. On the other hand, if tuberculous lung tissue comes to complete 
rest, the lymph stream of the tuberculous focus sinks to zero or almost to 
zero. ‘This signifies that there is no further introduction of nourishing ma- 
terials into the diseased focus, and no further accumulation of tuberculous 
poison and dissimilation products until finally the growth of bacilli and for- 
mation of poison cease. 


Sewall and Swezey (4) say, 


We assume that the prime effect of pulmonary collapse is reduction in the 
amount of toxins given over from the diseased lung to the general circulation. 
We assume that the chief agency in the dissemination of toxins is the respira- 
tory movements of the lung; that, by means of its excursions the lung acts 
as a veritable pump for distribution of its liquid contents; that given an intra- 
pulmonary reservoir of poison open to the general circulation, its contents 
will be mobilized with a rate proportionate to the amplitude and rapidity 
of respiratory movement. If the propositions announced above be admitted, 
it follows that the distribution of toxins from a diseased pulmonary focus 
will be brought to its minimum by inhibiting motion to the part. When 
respiratory movement is limited to the diaphragm it is the very bases of the 
lungs that move most widely, the extent of motion rapidly diminishing up- 
wards. When the upper chest expands, respiratory motion involves the 
upper lobes in proportion to the excursion of the overlying ribs. Now it is 
familiar enough that broadly speaking pulmonary tuberculosis is a disease 
of the upper part of the lungs, its intensity being concentrated between the 
hilum and the extreme apex. Remembering the data of our argument, the 
deduction is obvious that were we able to inhibit respiratory motion in, say, 
the first four ribs we could without seriously impairing the vital capacity of 
the chest, so restrict the motion of the principal areas of pulmonary disease 
that distribution of the toxins therefrom would be greatly reduced. 


It is to be regretted that even, at this time, there are many physicians 
who still advise the taking of active exercise to patients with a tempera- 
ture of 100°F. or over. This practice defeats the very purpose that 
the physician is trying to achieve. 

The application of outside appliances to the chest with the object of 
limiting the respiratory expansion has been tried before, but I could 
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not find in the literature any results that may have been obtained from 
this treatment. Some very good work has been done along these lines 
by Sewall and Swezey by the application of a jacket to the chest, with 
the obiect of limiting the respiratory excursions of the upper thorax 
in refractory cases of pulmonary tuberculosis, and the results'they have 
obtained are very encouraging. 

A belt for limiting respiratory excursions of the chest was also de- 
vised by Beasley (4) who applies the belt to the lower portion of the 
chest, claiming that on account of a more extensive respiratory ex- 
cursion, it is easier to restrict than the more rigid and less expansive 
upper thorax. 

Acting upon the principle of rest in the treatment of all the other 
diseases, I applied the plaster cast to the chest to rest the lungs if possible. 
A series of 15 cases of pulmonary tuberculosis was selected, all but 
one being far advanced; one was moderately advanced. All had the 
advantage of the usual treatment of rest, fresh air, and nourishing 
food. They did not improve, however, but steadily lost ground, so 
that there was nothing to lose but all to gain in trying out this treatment. 


METHOD OF APPLICATION OF PLASTER CAST 


I first explain the object of the cast to the patient, and tell him that 
he may be uncomfortable for the first few days, but that he will soon 
get used to it. In this way I get better codperation of the patient, 
upon whom depends much of the success of this treatment. 

A stockinet jacket which must fit snugly is put on the chest, the 
axillae and scapulae are then padded, and a number of strips of sheet 
wadding are then applied around the chest, extending from the second 
to the fifth rib, the amount varying with the condition and size of the 
patient’s chest. It is always advisable to use plenty of padding in 
order to make the patient comfortable. The plaster bandages are 
now applied. Two rolls, four inches wide and five yards long, are 
sufficient for the average case. The first roll is applied by making 
one turn of the bandage around the chest while the patient is told to 
expire and hold his breath for a little while; a few more turns are then 
made quickly so as to get the smallest diameter of the chest, with the 
maximum amount of limitation, and, at the same time, without inter- 
fering with the comfort of the patient." The rest of the rolls are then 
applied to reach from the second to the fifth rib. In a short while the 
cast dries and the patient goes back to bed with very little exertion. 
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The total weight of the cast is about half a pound. The patients com- 
plain at first of a little discomfort: some of shortness of breath; others 
of a feeling of tightness around the chest; but these sensations soon 
pass away and in a little time the patients are hardly conscious of the 
cast. With a little patience every case can be made comfortable. 

The immediate results after the cast is applied are lessened cough 
and expectoration, reduction of temperature, improved appetite, and 
disappearance of pains in the chest. As time goes on cough medicines 
are abandoned entirely in some cases, and the patients feel better in 
many ways. 

The plaster cast was worn for a period, ranging from two to four months, 
steadily and without complaint. A brief summary of the results ob- 
tained are as follows: Of the 15 cases, 3 were markedly improved; 
6 were improved; and in 6 cases the condition remained unchanged. 
Although the number of cases was not large, and the time the cast was 
worn not very long, the results, nevertheless, obtained are quite en- 
couraging for the following reasons. The 3 cases reported as markedly 
‘mproved had been running some fever all the time, had considerable 
cough and expectoration, had not gained any weight, and were not 
up to any meals. After having worn the cast for three to four months 
they are living in shacks, are up to all meals, have normal temperature, 
are gaining in weight, and are doing very wellin every way. A detailed 
report will be given at the end of this paper. The six cases reported 
as improved were benefited in the following ways: the temperature is 
lower, cough and expectoration lessened, the appetite improved, and 
some cases have gained in weight. The 6 cases reported as condition 
unchanged were not affected one way or the other. 

In conclusion I would say that the plaster cast should be given a 
fair trial in cases that do not improve under routine sanatorium treat- 
ment, and if only a small percentage of cases are benefited it is worth 
trying. 

CASE REPORTS 


Case 1. M. McK., female, age twenty-five, admitted September 7, 1921. 
Duration of disease about two years. Diagnosis: Chronic bilateral pulmonary 
tuberculosis, more extensive on the left. Symptoms: Cough and expectora- 
tion, fever to 101°F., hemorrhages, and loss of weight and strength. Cast 
worn four months. Present condition: Patient lives in a shack, up to all 
meals, normal pulse and temperature, no hemorrhages and gaining in weight. 
Condition markedly improved. 
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Case 2. F.D., male, age twenty-five, admitted September 2,1921. Dura- 
tion of disease about seven months. Diagnosis: Active pulmonary tuber- 
culosis both uppers and left lower. Symptoms: Cough and expectoration, 
shortness of breath, loss of weight and strength, fever to 100°F. Not up to 
any meals. Cast worn three months. Present condition; Patient lives in a 
shack, normal pulse and temperature, no shortness of breath, very little 
cough and expectoration and gaining in weight. Condition markedly improved. 


Case 3. W.B., male, age twenty-four, admitted November 2, 1921. Dura- 
tion of symptoms about one month. Diagnosis: Active pulmonary tuber- 
culosis right upper. Symptoms: Cough and expectoration, severe pains in 
the chest, loss of weight and strength, fever to 102°F. Not up to any meals. 
Cast worn three months. Present condition: Patient lives in a shack, normal 
temperature, very little cough and expectoration, gained 18 pounds. Con- 
dition markedly improved. 


Case 4. B.C., female, age twenty-four, admitted May 17,1921. Duration 
of disease about seven months. Diagnosis: Active pulmonary tuberculosis 
entire left lung andright upper. Cavity in left upper. Symptoms: Cough 
and expectoration, chills, night sweats, marked weakness, fever to 102°F. 
Cast worn four months. Present condition: Temperature much lower, appe- 
tite good, no chills or night sweats, cough very much improved, gained 10 
pounds. Condition improved. 


Case5. E.R., female, age twenty-five, admitted February 2,1921. Dura- 
tion of disease about nine months. Diagnosis: Chronic active pulmonary 
tuberculosis both lungs (all lobes), also chronic tuberculous laryngitis. Symp- 
toms: Cough and expectoration, hoarseness, loss of weight and strength, fever 
to 100°F., hemorrhages, not up to any meals. Cast worn three months. 
Present condition: Patient is going to all meals, normal temperature, appetite 
good, throat much improved and gaining in weight. Condition improved. 


Case6. M.T., female, age thirty-one, admitted August 8,1921. Duration 
of disease about two years. Diagnosis: Active pulmonary tuberculosis both 
uppers. Symptoms: Cough and expectoration, hemorrhages, loss of appe- 
tite, loss of weight and strength, fever to 100°F., not up to any meals. Cast 
worn four months. Present condition: Patient goes to two meals to the 
dining room, temperature up to 99°, appetite very good, gaining in weight 
and looking much better. Condition improved. 


Case7. K.A., male, age twenty-eight, admitted February 7, 1921. Dura- 
tion of disease about eight months. Diagnosis: Active pulmonary tubercu- 
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losis entire left lung and right upper, cavity in left upper. Symptoms: Cough 
and expectoration, night sweats, loss of weight and strength, fever to 101°F., 
not up to any meals. Cast worn four months. Present condition: Patient 
up to two meals to the dining room, temperature normal, appetite good, 
no shortness of breath, cough and expectoration very much lessened. Con- 
dition improved. 


Case 8. J. S., male, age forty-two, admitted August 17, 1921. Duration 
of disease nine months. Diagnosis: Chronic active pulmonary tuberculosis 
both lungs (all lobes), chronic tuberculous laryngitis. Symptoms: Cough and 
expectoration, pains in the chest, sore throat, fever to 102°F. and shortness 
of breath, not up to any meals. Cast worn three months. Present condition: 
The pains in the chest have disappeared, cough and expectoration much 
improved. The temperature is still about the same. No shortness of breath. 
Condition improved. 


Case 9. W. W., male, age eighteen, admitted December 21, 1921. Dura- 
tion of disease eight months. Diagnosis: Active tuberculosis entire left lung 
and right upper, large multilocular cavity in left lung, chronic tuberculous 
laryngitis. Symptoms: Severe cough and expectoration, hoarseness and sore 
throat, loss of weight and strength, pains in the chest and loss of appetite. 
Cast worn ten weeks. Present condition: Cough much better, appetite im- 
proved, pains in the chest have all disappeared, throat somewhat better. 
Condition improved. 


Case 10. M.D., female, age seventeen, admitted July 28,1921. Duration 
of disease about four years. Diagnosis: Extensive fibrosis and consolidation 
both lungs with large multilocular cavity in left upper. Symptoms: High 
temperature to 103°F., cough and expectoration, loss of weight and strength, 
pains in the chest, and extreme weakness. Cast worn four months. Present 
condition: No noticeable change noted. Condition unchanged. 


Case 11. T.P., female, age nineteen, admitted March 12,1921. Duration 
of disease about two years. Duéagnosis: Active pulmonary tuberculosis both ' 
uppers. Symptoms: Severe cough and expectoration, night sweats, extreme 
weakness, loss of weight and strength, fever to 103°F. Cast worn two months. 
Present condition: No noticeable change. Condition unchanged. 


Case 12. M. Y., female, age fifteen, admitted September 16, 1921. Dura- 
tion of disease about four months. Diagnosis: Active pulmonary tuberculosis 
both uppers. Symptoms: Extreme weakness, high temperature to 103°F., 
cough and expectoration, loss of weight, and attacks of dyspnea. Cast worn 
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ten weeks. Present condition: Temperature to 100°F., other symptoms the 
same as before cast was applied. Condition unchanged. 


Case 13. R.B., female, age twenty-two, admitted July 7, 1921. Duration 
of disease about four months. Diagnosis: Active pulmonary tuberculosis 
both uppers. Symptoms: Cough and expectoration, hemorrhages, sick feeling 
in the stomach, and loss of weight and strength. Cast worn three months, 
Present condition: No noticeable change. Condition unchanged. 


Case 14. Male, age thirty-seven, admitted August 3, 1921. Duration of 
disease about two years. Diagnosis: Active pulmonary tuberculosis entire 
right lung and left upper. Symptoms: Nausea, shortness of breath, cough 
and expectoration, extreme weakness and fever to 101°F. Cast worn two 
months. Present condition: No noticeable change. Condition unchanged. 


Case 15. Female, age twenty, admitted July 7, 1921. Duration of symp- 
toms about two months. Diagnosis: Active pulmonary tuberculosis entire 
left lung and right apex. Symptoms: Cough and expectoration, loss of appe- 
tite and shortness of breath, fever to101°F. Cast worntwo months. Present 
condition: No noticeable change. Condition unchanged. 
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A PHYSIOLOGICAL ADJUVANT IN THE REST CURE OF 
PULMONARY TUBERCULOSIS! 


S. ADOLPHUS KNOPF? 
New York City 


Ever since Dettweiler (1) devised the rest cure on a reclining chair in 
the open air, as a means of accomplishing a cure in pulmonary tuber- 
culosis, the idea of exercise in the open air as a therapeutic measure has 
been abandoned by the majority of physicians. In later years various 
clinicians, and in this country especially the late Charles Denison (2), 
Norman Bridge (3), and Henry Sewall (4) have endeavored to add to 
the general rest the local restriction of the respiratory movements. 
This method was tried first with simple adhesive strips encircling the 
chest. In a very interesting recent contribution on this subject by 
Sewall and Swezey (4) an ingenious belt is described whereby the 
respiratory excursions are limited. According to these authors the 
results were surprisingly satisfactory in view of the fact that the patients 
who underwent the treatment were in the advanced stages of the disease 
and had been refractory to the usual modes of treatment. 

Of course, this attempt to restrict the respiratory movements in order 
to give local rest to the lung cannot be compared with the results ob- 
tained by successful artificial pneumothorax where the involved lung 
is completely collapsed and, so to speak, put out of commission. Of 
the results of artificial pneumothorax in the early, moderately ad- 
vanced and far advanced stages of the disease so much has been written 
that it would encroach too much upon the time of the reader to try to 
give any statistics. We all know that there is a vast difference of opinion 
concerning the utility of artificial pneumothorax, particularly in the 
early cases, and we know also that, owing to pleuritic adhesions, the 
number of advanced cases of pulmonary tuberculosis suitable for this 
operation has thus far been limited. 


1 Read before the tuberculosis staff of the U. S. Veterans’ Hospital No. 61, Fox Hills, 
New York, March 16, 1922, and before the Clinical Section of the 18th Annual Meeting of 
the National Tuberculosis Association, Washington, D. C., May 4, 1922. Approved for 
publication by the Surgeon-General of the U. S. Public Health Service. 

2 Attending Specialist, U. S. Veterans’ Hospital No. 61, Fox Hills, New York. 
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The latest achievements of Prof. H. C. Jacobaeus of Stockholm (5) 
who, with the aid of the thoracoscope and a long cautery protected by a 
cannula, divides the pleuritic adhesions, may help to diminish the 
number of cases which have heretofore been considered as unsuited for 
artificial pneumothorax. Some French experimenters even resorted to 
the bistoury, properly protected, to sever the adhesions. Thoraco- 
plastic operations may also, perhaps, be more frequently resorted to 
hereafter for the same purpose, as the operation becomes better perfected. 
Of course, the two latter procedures must always be considered more or 
less dangerous. In dividing the pleuritic bands with the bistoury, or 
even with the electric cautery, there will always be some danger of 
coming across very vascular adhesions, or such extensive ones that 
there may be danger of hemorrhage and rupturing the lung. The 
thoracopneumoplastic operation so far has yiélded a rather high mor- 
tality, even at the hands of so skilful a surgeon as Archibald (6), so 
that it must be restricted to very few cases. 

All the procedures just described, however, seem to have one sole 
object in view, namely, to limit or to restrict entirely the respiratory 
movements of the diseased part of the lung. From observing animal 
life and from the study of comparative physiology (7), the thought has 
come to me that the slow breathing animal seems to be the longest lived. 
The rabbit which is the most susceptible to tuberculosis, particularly 
to inoculation of the bovine type, breathes 55 times a minute; the 
adult guinea pig 80 times; the young guinea pig 140 times a minute. 
It is well known that the guinea pig is very susceptible to the inocula- 
tion of both types of tuberculosis. The horse which, of all the domesti- 
cated animals, is the least susceptible to tuberculosis, breathes only 
eight to ten times a minute when at rest, while the cow, an animal 
which contracts tuberculosis most readily, breathes fifteen to thirty times 
aminute. The animal which perhaps lives longest is the turtle whose 
respirations are so few per minute that they are hardly perceptible. 

Now, if according to the foregoing, the slowly breathing animal is 
least susceptible to the invasion of tuberculosis, and a lung infected by 
tuberculosis is benefited by restriction of its respiratory movements 
through outside pressure or by the complete arrest of function by means 
of an air splint (artificial pneumothorax) or bone compression, why 
should not restricted respiratory movements and reduction in their 
number by voluntary effort be equally valuable as an adjuvant in the 
cure of pulmonary tuberculosis? 
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I first experimented on myself and have been able to reduce my 
respirations, without discomfort, to 8, 6, and sometimes 5 per minute. 
I recommended this to a few of my patients in various stages of the 
disease and I was surprised to find how well they could train themselves 
to reduce their respiratory movements from 24 and 30 per minute to 
10, 8, and 6, and do this gradually for half an hour to one hour at a time, 
and do it several times a day. 

As far as I had gone, the patients did not experience any discomfort 
from these exercises, but felt better, and their general condition as well 
as their local lesions improved markedly. One patient confessed to me 
that after restricting the number of his respiratory movements, he ex- 
perienced an intense desire to take a deep breath. Having been in- 
structed not to do so, he imagined himself to feel very uncomfortable. 
I told him that the next time he felt like taking a deep inspiration, he 
should not hesitate to follow his inclination, but that at all other 
times when not doing the diaphragmatic breathing, to content himself 
with quiet and as shallow respiration as possible. A few days later he 
assured me that the thought that he could take a deep breath when he 
wanted to made him feel much more comfortable and that he could keep 
up his restricted breathing for a longer time. Although I knew from 
my Clinical experience that patients can live and breathe when there is 
virtually only one-fourth or even less of lung area in condition to attend 
to the oxygenation necessary for life, 1 did not feel certain about the 
wisdom of my procedure as a therapeutic means. I feared that perhaps, 
through this method of producing physiological rest, I might in the long 
run do harm to my patients by allowing an accumulation of carbon 
dioxide and a privation of oxygen. According to Weber (8) and his 
followers, it would seem that a moderate accumulation of carbon dioxide 
is not by any means to be feared but rather to be favored in pulmonary 
tuberculosis. Nevertheless, to be on the safe side, I consulted Dr. 
Graham Lusk, Professor of Physiology of Cornell University Medical 
College, and demonstrated for him this method of breathing, and to his 
surprise I was able to reduce my respirations to 4 per minute. He told 
me that in his opinion no possible harm could be done to any one by 
using superficial respiration or restricting the number of respirations per 
minute. Wishing to have something authentic on the subject, I asked 
him to be good enough to write me his opinion, with permission to use 
it in this article, and he most kindly wrote me as follows: 
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Under ordinary conditions the production of carbon dioxide in the tissues 
controls the volume of the respiration. If the number of respirations per 
minute be decreased, the volume of air expired and inspired per breath is 
automatically increased. The total gaseous exchange, however, remains 
approximately the same. Under ordinary conditions of rest the quantity of 
oxygen absorbed is almost the same whether there be seven or fifteen respira- 
tions per minute. 


The statement by Professor Lusk concerning the automatic increase of 
the volume of air expired and inspired per breath, I have not only been 
able to verify by interesting experiments, but to my surprise I found that 
the volume of air inspired and expired when the respiration is limited to 
the basal portions of the lungs, that is to say, the volume of tidal air. 
is even materially increased above the normal. Through the courtesy 
of Professor Lusk and with the valuable coéperation of Dr. D. P. Barr 
of the Russell Sage Institute of Pathology, I was permitted to make 
some spirometric tests with the respirations restricted in number and 
limited to the diaphragmatic mode of breathing. Dr. Barr kindly lent 
himself to the experiment. After I had demonstrated to him how he 
could diminish the number of respirations to 5 per minute and limit them 
to the basal portion of the lungs, he was surprised to find with what 
comfort he could do it, and thought he could do it indefinitely. Dr. Barr 
has an unusually well developed chest and in ordinary respiration his 
tidal volume is 600 cc. per respiration. We both observed with interest 
that the volume of tidal air nearly doubled while he was lying in a 
recumbent position, breathing through the tube of the spirometer. 
We repeated the experiment twice, each time lasting for three minutes, 
and the average number of inspirations and expirations did not exceed 
5 per minute. Dr. Barr assured me that throughout the three periods 
of experimentation his respiration was comfortable and adequate, yet 
the upper portion of his lungs was virtually at rest. 

It is of course possible, when one limits his respiratory function 
voluntarily, that there is an unconscious effort to take in more air than 
is actually needed. But this experiment proves that no harm can 
. possibly be done by restricted respiration, and that a more thorough 
ventilation of the usually nonaffected basal parts of the lungs in tuber- 
culous patients can only be beneficial. 

Besides the chemical stimulus to the continuance of respiration, there 
exists also a nervous stimulus, to which MacLeod (7) refers in his article 
on Some Recent Work on the Control of the Respiratory Centers. He 
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says: ‘There are in general two ways in which the activities of a center 
might be caused to alter. These are by changes in the chemical com- 
position of the blood supplying it and by nerve impulses derived from 
other parts of the nervous system.’’ In other words, the respiratory 
movements can, in no small degree, be controlled by the will. Norman 
Bridge. as far back as 1908, wrote concerning this as follows: 


Patients with active tuberculosis, who have been coughing much and been 
taking exercises of deep breathing, usually rather promptly discover an im- 
provement in their sense of comfort and strength, as well as a perceptible 
decrease in fever, after they have adopted the plan of lessening the cough and 
keeping the lung as still as possible by will power measures. 


Maurice Bourgois (10), in his thesis on Maximum d’apnée voluntaire, 
describes the method of choosing the type of men for aviators, which 
revealed the astounding fact that some men could remain as long as 
65 seconds without breathing, merely by will power. While not exactly 
germane to the subject, it is interesting to note that those who could 
suspend their respiration from 50 to 65 seconds were considered es- 
pecially fitted. Those who could hold their breath for 40 or 45 seconds 
were admitted, while those who could suspend their respirations for 
only 15 or 20 seconds were rejected. These examinations certainly 
show the great power which the mind can exert over the respiratory 
function. 

The reason for the improvement in my patients, and particularly in 
those who faithfully carried out my instructions concerning diminution 
of respiratory movements, I believe to be the relative rest which had 
been given to the lung by this process. 

There is also a possibility, if this restricted breathing should really 
allow a little more of the carbon dioxide, but not enough in quantity 
to be harmful, to remain in the system in the nonventilated portion of 
the lungs, that this too may have had a beneficial effect. Corper, 
Gauss and Rensch, in their admirable experimental work (10), have 
substantiated Weber’s belief that a deficiency of carbon dioxide in the 
body favors tuberculosis, while an accumulation retards its progress. 
They, however, thoroughly disagree with Weber’s treatment of advanced 
cases of tuberculosis, which consisted in giving sodium bicarbonate 
and hydrochloric acid by mouth, with feedings of levulose combined in 
severe cases with subcutaneous injections of liquid paraffine (10 grams 
twice daily). Corper and his colleagues very justly say that paraffine 
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oil cannot produce carbon dioxide in the metabolism of the body. 
Personally, I believe that even if we should ever succeed in introducing 
carbon dioxide into the system by medication or nutrition, its dosage 
would prove as difficult as it would be dangerous. 

‘Iam not going to burden this paper with calculations concerning 
how many hours during the day some of my patients succeeded in 
doing diaphragmatic breathing and in reducing their respirations. 
Suffice it to say, that if one succeeded in reducing his respiration from 
20 per minute to 10, the has spared his lung 3000 movements in five 
hours. Even if it seems difficult for the patient to reduce the number 
of respiratory movements for any appreciable time, he will derive con- 
siderable benefit from limiting his respiration to the basal portion of 
the lung. This part of the procedure, intended to obtain local rest for 
the invaded upper portion of the pulmonary area, is relatively easier to 
carry out than the voluntary reduction of the number of respirations per 
minute. 

Of course, when one palpates the anterior portion of the chest care- 
fully over the upper lobes, one may perceive a slight movement, particu- 
larly in beginners, but this diminishes as the patient becomes more 
habituated to diaphragmatic breathing. I question whether there exists 
any method of obtaining absolute rest for any part of the lung except 
by a successful artificial pneumothorax operation. No matter how 
perfect the methods of external application of compressing the lung 
by adhesive plaster or belt may seem, it is anatomically and physio- 
logically impossible to compress the bony frame of the thorax to the 
extent of procuring absolute immobility of the underlying organs. 

This fact no doubt inspired Webb and his co-workers, Forster and 
Houck (11), to investigate the value of simple posture in the treatment 
of pulmonary tuberculosis. These observers found that patients, who 
slept or rested during the day on the side of their diseased lung, did a 
great deal better than those who slept on the opposite or wellside. To 
add this treatment by posture, particularly during sleep, to the respira- 
tory method described in this paper, can of course only be of additional 
advantage. 

In this communication I shall not only refrain from entering into 
the details of my cases, but will also avoid all statistics of cure, half- 
cure, arrest, improvement or failure. I shall, however, refer to the 
results obtained in a few cases in the advanced stages with cavitation 
in my service at Fox Hills and in private practice. The patients had 


a 
‘4 
q 
4 
4 
q 
4 


A PHYSIOLOGICAL ADJUVANT IN THE REST CURE 423 


the usual symptoms of toxin absorption. After the patient had 
practised the slow and diaphragmatic breathing for a few hours, even if 
not consecutively, the beneficial effect could be observed by its influence 
on the tachycardia and by the slowing of the pulse, and after a few 
weeks’ practice, cough, expectoration, and temperature gradually but 
perceptibly diminished, and auscultation revealed a decided tendency 
to fibrous repair. But a few cases and the observations of one man 
alone in the treatment of tuberculosis cannot and should never be 
considered conclusive. All I will venture to do, therefore, is to 
give my ideas on the subject, describe the modus operandi and ask 
my fellow practitioners to try it on as large a scale as possible in early, 
moderately advanced, and even far advanced cases, and after a thorough 
trial send me their reports. That the results will be best in the early 
cases must be evident. That the results must be better when the general 
rest treatment in the open air and the proper hygienic, dietetic, and 
symptomatic treatment are carried out at the same time, than if the 
diminution of the respiratory movement is the sole remedy resorted to. 
is also obvious. 

At the beginning of the treatment the patient lies on his reclining 
chair or preferably in bed with his head low. Later on, he may be able 
to resort to this method of breathing in the proper sitting or even stand- 
ing position. The intelligent codperation of the patient can only be 
obtained by explaining to him at length the object and aim of the pro- 
cedure. He may be told that it may take some time before he can 
perceive any improvement, but that it can in no wise be injurious to 
him, and that should he have the slightest discomfort he should merely 
stop it. He must be furthermore assured that it cannot bring on a 
hemorrhage although a hemoptysis may occur, as it does in all sorts of 
treatment, but that it is more likely to prevent one. When one occurs, 
the quiet and diminished respiratory movements will rather help in the 
coagulation of the blood and in the arrest of hemorrhage because of the 
effect of diminishing the movements of the bleeding lung. 

Two patients of mine who had had their hemoptyses with sur- 
prising regularity, followed by bloody expectoration, and who stated 
that the latter always lasted many days, assured me that this quiet and 
diminished breathing shortened the usual duration of their blood 
spitting quite considerably and their actual hemorrhage seemed smaller. 
Of course, we all know that a hemorrhage or bloody expectoration 
may stop without any medication or other therapeutic means: gen- 
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eral rest alone often suffices. Nevertheless, it is quite logical to 
assume that the circumstance that respiratory movements are being 
diminished in number and the respiration restricted to the lower 
portion of the lungs, rarely invaded by tuberculosis, may have an 
additional beneficial influence on the arrest of hemoptysis. Ex- 
cept shortly after hemorrhage, or as long as the patient still has 
sanguineous expectoration, he should be encouraged to drink plenty 
of pure water, at least eight tumblerfuls per day between mealtimes. 
I notice that those of my patients who obeyed this order were better able 
to reduce their respirations, and do it for a longer time, than those 
who were neglectful in carrying out instructions to drink water. 

Modus operandi: The patient should be told that he should imagine 
that the respiratory movement begins in the toes of his right foot, the 
inhalation gradually travelling upward as far as the diaphragm on the 
right side and then again over to the left side, stops there for a second 
or two and then gradually descends during expiration downward to 
the left. While, of course, this breathing from the toes upward and as 
far as the abdomen is merely imaginary, it results in a diaphragmatic 
breathing and whatever quantity of air is inhaled passes mainly through 
the lower portions of the lungs, while the upper portion of the lungs, 
where tuberculous lesions are usually located, are put at comparative 
rest. Lastly, the physiological relation of 5 for inspiration and 4 for 
expiration is maintained. 

To be sure that the patient understands exactly what is meant by 
diaphragmatic breathing, it is well to teach it in the following manner: 
Place the patient in a sitting or half-reclining position, with his feet 
extended and slightly separated. Then tell him to inhale as slowly 
as the physician’s hand with index finger pointing moves in the up- 
ward direction, beginning at the toes on the right foot, crossing the 
abdomen to the left, then stopping a second and exhaling while the 
hand moves in the downward direction to the left foot. The physician 
or nurse teaching this breathing should repeat this procedure a few 
times until the patient fully grasps what he is asked to do and does 
it correctly. To this end it is well for the physician, while indicating 
the direction and duration of the inhalation with one hand, to place 
the other over the upper portions of the lung and thus observe 
whether they are at complete or at least at relative rest. When the 
patient is lying in the complete recumbent position, the diaphragm- 
atic breathing will be materially aided by placing a very small pil- 
low or a folded bath towel under the small of the back. 
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In support of the statement that the breathing can thus be vir- 
tually limited to the basal portion of the lungs, I will quote from the 
above mentioned article by Sewall and Swezey as follows: 


When respiratory movement is limited to the diaphragm it is the very 
bases of the lungs that move most widely, the extent of motion rapidly dimin- 
ishing upwards. When the upper chest expands, respiratory motion involves 
the upper lobes in proportion to the excursion of the overlying ribs. Now, 
it is familiar enough that, broadly speaking, pulmonary tuberculosis is a disease 
of the upper part of the lungs, its intensity being concentrated between the 


hilum and the extreme apex. 
Remembering the data of our argument, the deduction is obvious that were 


we able to inhibit respiratory motion in, say, the first four ribs, we could, 
without seriously impairing the vital capacity of the chest, so restrict the 
motion of the principal areas of pulmonary disease that distribution of the 
toxins therefrom would be greatly reduced. 


Diaphragmatic breathing will also cause a better circulation in the 
lower extremities and abdominal viscera, all of which is so essential 
for patients who are ordered complete physical rest. on a reclining 
chair or bed. 

I have been asked whether women who, for biological reasons, do not 
use the diaphragm in breathing as much as men do, can adopt this 
physiological adjuvant. Whether or not it is because of the abandon- 
ment of tightly laced corset that I have had no difficulty in this respect, 
I do not know. At any rate, I have also the assurance of Professor 
Joel E. Goldthwait of Boston, who has had such a large experience 
with cases in which he prescribes diaphragmatic breathing in order to 
correct faulty conditions due to postural or typical orthopedic de- 
formities in women, that he has no difficulty whatsoever in making 
his female patients use diaphragmatic breathing. 

It may also be asked whether there are any contraindications to 
this type of breathing. If pain is caused by the diaphragmatic 
breathing or, if present, is accentuated thereby, it is a decided con- 
traindication. ‘The pain may be due to adhesions between diaphragm 
and pleura on the affected side or to an acute pleurisy elsewhere. 
A further contraindication is that exceedingly rare condition in which 
the primary involvement begins in the lower lobes, or where the proc- 
ess has extended to that region in the terminal stage. Lastly, should 
cough be increased by this procedure, whether it can be explained or 
not, it should be considered a contraindication. 
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The most satisfactory results from this physiological adjuvant to 
the rest cure in pulmonary tuberculosis can naturally be obtained in a 
sanatorium or hospital where the patients have come, so to speak, to 
occupy themselves with getting well. In a closed institution the tuber- 
culous patient very often becomes depressed because of lack of employ- 
ment and wishes he had something to do. With watch in hand or clock 
before him, he can occupy his time and help toward the cure by limiting 
his respiratory movements and giving rest to his lungs that they may 
have a chance to heal. However, satisfactory results can also be ob- 
tained in private practice. Here we have, more than anywhere else, 
the factors of personal equation. The family physician, having the 
absolute confidence of his patient and knowing his peculiarities and 
state of mind, can often accomplish a good deal more where the psychic 
and nervous elements are involved than the institution physician. I 
have had private patients who became intensely interested in this pro- 
cedure, and they were rewarded for their efforts by a gradual diminu- 
tion of distressing cough, fever and pleuritic pains. The more con- 
fidence and peace of mind and the more quiet and rest of body we can 
give the patient suffering with pulmonary tuberculosis, the greater will 
be our success. 

Every student of tuberculosis knows that could he put to complete 
general rest every case of early tuberculosis, slightly febrile or afebrile, 
and also limit completely, or if that is impossible, at least partially, 
the movements of the involved area, we would have considerably fewer 
advanced cases. In my early career I taught respiratory exercises as a 
prophylactic measure in tuberculosis and I do so still; but as a curative 
means, after observing the results obtained with artificial pneumothorax, 
I feel more than ever that anything which will put the inflamed lung, 
invaded by the tubercle bacillus, at rest, or even at comparative rest, 
is the ideal treatment. 

For reasons above stated, I do not believe that artificial pneumothorax 
can be resorted to in all moderately advanced cases; still less do I be- 
lieve that Jacobaeus’s procedures or the thoracopneumoplastic opera- 
tion will be frequently resorted to. Whether every early case of tuber- 
culosis can or should be subjected to the treatment of artificial pneu- 
mothorax is still, as already stated, an open question, and the reason 
for this is perhaps that the results have not been as satisfactory as 
hoped for and that at times were followed by unpleasant complica- 
tions. But be that as it may, this simple physiological adjuvant can 
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be resorted to without any risk whatsoever in both the early and later 
stages of the disease. When, in addition to the restricted respiratory 
movements, the patient trains himself to cough only when the accu- 
mulation of pulmonary or bronchial secretion demands it, he will be 
doubly benefited. 

Dr. John W. Turner, the consultant in tuberculosis of the United 
States Veterans’ Bureau, before whom I demonstrated the restricted 
and diaphragmatic breathing, thought that this method would not 
only secure local rest to the lungs, but also serve as an inspiration to 
the patient and give him something specific to do during his rest in 
bed or on the reclining chair while taking the cure. 

May I hope that a widespread trial of this rational adjuvant in the 
rest cure of tuberculosis will prove as successful in the hands of many 
as it has been in mine? 
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Obituary 


ABRAHAM G. SHORTLE, at Albuquerque, New Mexico, May 26, 1922, 
after an illness of several months from septicemia. Born February 14, 
1871, at Rockville, Indiana; graduated from the Northern Indiana 
Normal School, 1887; M.D., Baltimore Medical College, 1896; a post- 
graduate student at the Universities of Chicago and Heidelberg. Doctor 
Shortle began the practice of medicine at Yorktown, Illinois, in 1897 
and continued practice in Chicago from 1898 to 1905. In 1908 he 
founded the Albuquerque Sanatorium for Tuberculosis, the first in 
Albuquerque, with the opposition of the business men who believed that 
it would injure the community. He remained Medical Director of this 
institution until his death, and lived to see all opposition disappear and 
Albuquerque become a leading health resort, largely through his own 
work and efforts. He was an active spirit in the civic affairs of his city, 
the founder of its Rotary Club, the prime mover in the organization of 
its Chamber of Commerce, a prominent figure in the creation of the 
State Department of Health and the first physician to qualify for mem- 
bership on the Board, and Secretary of the State Department of Public 
Welfare. He was a member of the National Tuberculosis Association 
and a prominent attendant at its annual meetings. His memberships 
also included the American Climatological and Clinical Society. He 
brought the Albuquerque Sanatorium to the high degree of efficiency 
which made it one of our most respected institutions for the treatment 
of tuberculosis. Always keenly responsive to newer methods of treat- 
ment, he was among the first in this country to apply artificial pneumo- 
thorax and heliotherapy and recorded his observations in a number of 
contributions on these subjects. One of these appeared in THE AMERI- 
CAN REVIEW OF TUBERCULOSIS, September, 1919. 
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FURTHER OBSERVATIONS ON THE TREATMENT OF 
DIABETES AND TUBERCULOSIS! 


H. R. M. LANDIS anp ELMER H. FUNK 
Philadelphia 


Several years ago we (1) presented before this association some data 
with regard to the treatment of diabetes and tuberculosis, when these two 
diseases are associated in the same patient. An increasing experience 
has served to emphasize and expand some of the views expressed at that 
time. The association of these two diseases presents a particularly 
vicious combination to treat. At the outset one is confronted with the 
problem of the diet and these questions arise: (1) Should we ignore the 
diabetes, as was the common practice in the past, and treat the tuber- 
culosis? or (2) Should we ignore the tuberculosis and endeavor to control 
the diabetes? Before we enter into a discussion of our attitude toward 
these questions let us consider briefly some elementary concepts of the 
two diseases. 

Diabetes develops, as a rule, in a person who is over weight for his 
age and height. Diabetes, as Joslin puts it, is often the penalty of 
obesity, of overeating and underexercising. Diabetics usually have an 
excellent appetite and good digestion, but an inability to utilize carbo- 
hydrates, with the resulting hyperglycemia, glycosuria and other symp- 
toms of the disease. Diabetics also have disordered protein and fat 
metabolism, and the inevitable result of the uncontrolled disease is 
wasting, reduced resistance to infection, coma and death. 

Pulmonary tuberculosis, on the other hand, develops, as a rule, in 
those who are under weight for their age and height. Undernourishment 
and overexercise, that is, faulty dietary factors and fatigue, play im- 
portant etiological réles. The appetite and digestion are frequently 
impaired (2). There is no reduction in the ability to utilize carbo- 
hydrates, protein and fat, but the result of uncontrolled tuberculosis is 
like diabetes in the wasting, weakness and death. 


i Presented by title before the Clinical Section of the Eighteenth Annual Meeting of the 
National Tuberculosis Association, Washington, D. C., May 4-6, 1922. 
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At first glance it would seem rather queer that these two diseases with 
such diverse origins should ever be associated. It is our belief that they 
are more commonly associated than is generally considered. The 
question frequently propounded is: Which disease occurred first in the 
individual? It is our opinion that in practically all cases diabetes is the 
initial disorder and the active tuberculosis a subsequent development. 
Whether a latent tuberculosis is activated by the diabetes, or whether 
reinfection occurs as a result of disturbed metabolism, does not parti- 
cularly concern us at this place. It is to the point, however, that the 
diabetes probably determines in most instances the development of 
tuberculosis in the person in whom both are found to be present. 

If our elementary concepts of the two diseases are correct, it would 
therefore seem logical to give the treatment of the diabetes our first 
consideration, applying, at the same time, such measures as rest and 
fresh air, which are not incompatible with a strict diabetic treatment. 
Our experience has more than justified the attitude of ignoring, for the 
time being, the tuberculosis, as far as the diet is concerned, and of at- 
tempting to correct the hyperglycemia and render the urine sugar-free 
by the application of either the fasting method of Allen, of the gradual 
reduction method of Joslin, or even the high fat and low protein diet of 
Newburgh and Marsh. The inevitable result of the application of these 
dietetic restrictions is a loss of weight which to one interested in the 
tuberculosis is quite disconcerting. A loss of eight or ten pounds is not 
uncommon. Our reply to those who are concerned with this loss of 
weight is that it would inevitably occur if the diabetes were not controlled. 
Following such a loss of weight from treatment, it is possible to have a 
patient gain in weight to an extent that is not possible in any other way. 
In other words, following dietetic restrictions, there is a gain in the 
patient’s ability to utilize carbohydrates and properly metabolize fat 
and proteins, and with this improvement a chance not only for a gain in 
weight, but an increased resistance to further extension and activity of 
his tuberculosis. Increased resistance to the progress of the tuberculous 
infection is a more important result of antidiabetic treatment than 
ability to gain weight. We are quite convinced, upon more mature re- 
flection, that in that particular group of tuberculous patients in whom 
diabetes is present, weight increases have less significance, as far as the 
improvement of the tuberculous condition is concerned, than in others, 
and this is in keeping with our knowledge of the prognosis of diabetes. 
The undernourished diabetic keeps well longer than one who tends rapidly 
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to put on weight. The tuberculosis will improve even though there is no 
considerable gain in weight, if the diabetes remains under control at a 
given weight. The following case records are important in this 
connection: 


Case 1. W.J.B., male, aged thirty-one years, referred by Dr. Joseph Walsh 
of Philadelphia and admitted to the Pennsylvania Hospital, January 12, 1922, 
and discharged March 30, 1922. Family History: Negative. Past History: 
Appendicectomy in 1911. Laparatomy for adhesions in 1913. Influenza in 
1918. During 1921 he suffered frequently from painful hemorrhoids. Present 
Iliness: Admitted on November 27, 1921, to St. John’s Hospital, St. Louis, for 
operation for hemorrhoids. For three weeks prior to admission he had been 
annoyed by an “awful thirst” and the passage of much urine. He had also had 
for some time (he does not know how long) a slight cough with occasional 
expectoration. He had never had any blood spitting. For about four years 
he had noticed from time to time annoying pains in the left chest. The urine 
examination upon admission to the St. Louis hospital showed sugar and the 
examination of the sputum showed tubercle bacilli. A diagnosis of diabetes 
and tuberculosis was made and the operation for hemorrhoids postponed. 
The patient was then referred to Dr. Walsh who confirmed the diagnosis of the 
two conditions. Dr. Walsh examined the urine upon a number of occasions 
and found from 5 to 123 per cent sugar. The patient’s best weight was 180 
pounds in 1913. From 1913 to October, 1921, he averaged 165 pounds. From 
October to November 27, 1921, the time of admission to the St. Louis hospital, 
he lost about 20 pounds, reducing his weight to the lowest level, that is, 145 
pounds (the standard for his height, 5 feet 10% inches at age 31, is about 167 
pounds). 

Physical Examination: Upon admission to our hospital he was rather pallid 
and weak and showed signs of slight pulmonary involvement limited to the tops 
of the lungs. A few scattered rales were found at the right apex, but none on the 
left side. The heart was normal. The abdomen was normal. The extremities 
showed nothing abnormal. 

Laboratory Studies: Blood chemistry studies revealed the following: Non- 
protein nitrogen, 40mgm.; urea nitrogen, 14.3 mgm.; uric acid, 2.5 mgm.; 
creatinin, 1.4 mgm., and sugar, 250 mgm. per 100 cc. The urine contained 
approximately 5 per cent of sugar. The Wassermann test was negative. 

Progress and Comment. Following three days of restricted diet and a fast of 
two days he became sugar free. Carbohydrates, proteins and fats were then 
added gradually from day to day without producing glycosuria, until a maxi- 
mum of 220 to 230 gm. of carbohydrates, 105 to 110 gm. of fat and 86 gm. of 
protein were reached about one week before discharge. During this time his 
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weight remained unchanged, oscillating from 140 to 144 pounds. His tempera- 
ture remained normal during the entire period of observation except for four 
or five days when he had an acute cold. He gained remarkably in appearance 
and in strength. At first placed in bed he was subsequently given graduated 
exercise, until at the time of discharge he was up and about the greater part of 
the day and walking several hours. Physical examination upon discharge failed 
to reveal any moisture at the top of the right lung. We have every reason to 
believe that, barring accidents, this patient should remain well, especially since 
he is highly intelligent. While it is true that his pulmonary lesion was rela- 
tively insignificant, we feel that if his diabetes had not been promptly controlled, 
the probabilities are that it might have become a serious affair. During his 
hospital stay the patient was taught how to examine his own urine and from his 
own studies while under care had learned food values to the point where he was 
practically able to select his diet. Since his carbohydrate tolerance had been 
raised to such a high point, he could do this without the necessity of weighing 
the articles of food. This patient illustrates how an improvement can be 
brought about without weight gains. 


Case 2. H.R., male, aged fifty-one years, admitted to the Jefferson Hospital 
Chest Department, November 27, 1921, and discharged F ebruary 25, 1922. 
Family History: Negative. Past History: He had always enjoyed good health 


until the onset of the present trouble in September, 1920. He stated, however, 
that five years ago sugar was accidentally found in his urine during the course 
of a “health examination.” A number of examinations subsequently made 
showed its continued presence. The patient tried dieting, with and without 
the advice of physicians, but apparently no serious attempt was made at any 
time to render the urine sugar free. Present Illness: In September, 1920, he 
caught a severe cold which was followed by cough and expectoration which 
continued to the time of admission to the hospital. A small hemoptysis oc- 
curred in February, 1921. From January to April, 1921, he remained in bed. 
Between April and November, 1921, when he was admitted to the hospital, 
he was up and about the house, but unable to do any work. On November 
18, 1921, just prior to his admission to the hospital, he had an acute pleurisy. 
He had received no treatment for the diabetes which had been ignored since 
the onset of the symptoms referable to the chest. His appetite and digestion 
have always been good. There has been no noticeable increase in the fluid in- 
take or output. The patient was usually constipated. His best weight was 
187 pounds in 1917 and his lowest weight 137 pounds at present. He believes 
that there was a definite loss of weight before the onset of his chest symptoms, 
although he doesn’t know how much. He stated that he was “fat” in 1917 
(the standard for his height and age at that time is 148 pounds). 
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Physical Examination and Laboratory Studies: A fairly well nourished adult 
with signs in the chest of moderately advanced disease of both lungs. The 
sputum was positive for tubercle bacilli, the urine showed 5 per cent, 4 per cent, 
4.5 per cent and 5 per cent sugar during the first four days in the hospital. The 
Wassermann test was negative. 

Progress and Comment: The patient was placed at rest in bed and after three 
days of restricted diet was fasted for two days, when he became sugar free. 
Carbohydrates, first in the form of green vegetables, coincidentally proteins, and 
finally fats were added and increased from day to day, always keeping in mind 
not to exceed the fatty acid-glucose ratio of 1.5 to 1. During the course of one 
month it was possible to reach a diet consisting of 115 to 120 gm. carbohydrates, 
100 to 110 gm. of fat and about 90 gm. of protein, without glycosuria. During 
the early part of the treatment the weight dropped from 137 pounds to 126 
pounds, and then, as he was beginning to gain several pounds, the patient 
developed an abscess of the chest wall requiring incision. His weight dropped 
to 120 pounds. Following the incision and drainage of the abscess the weight 
returned to 125 pounds. Thereafter, from January 2 to February 8, when he 
left our care against advice, he improved very rapidly as far as both his diabetes 
and tuberculosis were concerned. He had reached a carbohydrate tolerance 
of 180 gm. daily. His temperature, which had been oscillating in the vicinity 
of from 100° and 101°, was practically normal during the last month of ob- 


servation. His cough and expectoration had greatly improved. The signs in 
his chest, however, were unchanged. The patient felt so well that he refused 
to stay in the hospital longer. 


Case 3: P. G., female, aged sixteen years, admitted to the Jefferson Hospital 
Chest Department, September 17, 1921, and continuing under observation 
(April 15, 1922). Family History: Father and mother have tuberculosis; one 
brother and one sister are in poor health, cause unknown. One brother and 
three sisters are living and well. Past History: Measles in early childhood. 
Pneumonia in February, 1916. Present Illness: About three months after the 
attack of pneumonia in 1916, from which she had apparently made a very 
satisfactory recovery, she began to cough, expectorate and lose weight and 
strength. These symptoms would clear up and return at intervals until 
February, 1918, when she visited a tuberculosis dispensary where a diagnosis 
of early, active pulmonary tuberculosis was made. At the same time the 
Wassermann reaction was found to be 4 plus and the urine was found to contain 
sugar. She was referred to the Pennsylvania Hospital for treatment, where 
she was admitted on June 10 and discharged on August 10, 1921, sugar free. 
Intensive arsphenamine therapy resulted in a negative Wassermann reaction. 
After her return home several lapses in the diet occurred and glycosuria devel- 
oped with a return of the cough and weakness. She was admitted to the 
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Jefferson Hospital Chest Department on September 17, 1921. At this time the 
glycosuria varied between 1 and 2 per cent and the fasting blood sugar 180 mgm. 
per 100 cc. 

Progress and Comment: The patient was placed at rest in bed and the gly- 
cosuria disappeared after a restriction in the diet for several days followed by 
one day of fasting. By the gradual addition of carbohydrates, proteins and 
fats, it was possible to obtain eventually a dietary consisting of 125 gm. of fat, 
100 gm. protein and from 120 to 125 gm. carbohydrate. The weight upon 
admission was 99 pounds and after a slight loss there was a gradual gain to 113 
pounds and then a drop to 106 pounds, which the patient has maintained onan 
average to the present time (April 15, 1922). The urine has remained sugar 
free and after the first month of the hospital stay the cough and expectoration 
practically disappeared. The temperature has continued normal and physical 
examination of the lungs reveals no evidence of moisture. The patient is 
allowed to be up and about the ward and on thirty minutes’ walking exercise. 
The Wassermann reaction continues negative. This patient is particularly 
interesting, in view of the coexistence of three diseases, early pulmonary tuber- 
culosis, latent syphilis and diabetes mellitus. They were recognized in this 
sequence by the physicians who saw her. If one can conjecture their order of 
appearance, it was probably syphilis (there are some features suggesting a con- 
genital infection), diabetes and then tuberculosis. We feel quite certain that 
the intensive arsphenamine therapy and the antidiabetic treatment have given 
her the chance to combat the tuberculosis, which to date she seems to be doing 
satisfactorily. 


It is not within the province of this paper to discuss the details of the 
dietetic management of diabetes, since the work of Joslin, Allen and 
others has made this a matter of common knowledge. There is a feeling, 
however, among some sanatorium workers, that such treatment is not 
satisfactory or possible unless an elaborate equipment and a trained 
dietitian are available. We have found it entirely feasible where first, 
the physician is willing to give the intensive supervision necessary and 
second, the individual who prepares the food, whether a dietitian, so 
called or not, is willing to codperate, and manifests an ordinary intelli- 
gence in the use of the Joslin food tables and the gram scales. After 
all, the interest of the physician in charge is the important factor in the 
success of the treatment. 

It may not be remiss to speak a few words in regard to acidosis. We 
have never seen acidosis develop in a diabetic with tuberculosis under 
treatment when attention was paid tothe proper adjustment of the carbo- 
hydrate, fat and protein of the diet. Those patients whom we have 
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seen with acidosis had either not received any treatment before coming 
under observation, as was the case of one patient who died within a week 
after admission to the White Haven Sanatorium, with severe diabetes 
and hopelessly advanced tuberculosis, or else had failed to follow treat- 
ment while under observation or after leaving institutional care. A 
certain number of cases resulted from the attempt to push the fat in 
the effort to raise the calory value of the diet. The fats are partic- 
ularly dangerous. On the other hand, a certain amount of fat in the 
diet is necessary if the catabolism of the body fats is to be prevented. 
Woodyatt (3) has recently insisted upon this and points out that unless 
the diabetic is obese, complete fasting is undesirable for desugarizing, 
because it compels him to draw fat from his tissues. He states that the 
practice of starving, or virtually starving, a patient in order to render 
his urine sugar “‘free,’’ and then building up the diet, first with carbo- 
hydrate and then with protein, with particular avoidance of fat, would 
appear to be based on the supposition that if fat were administered it 
would increase the catabolism of fat. Such a procedure disregards the 
endogenous food supply, and illustrates the necessity of thinking in terms 
of the metabolism rather than of the diet. 

The important point in regard to the fats, therefore, is to know how to 
adjust the diet so that a maximum of fat may be given without disturbing 
the fat metabolism, with the resulting formation of ketogenic substances 
and acidosis. As Woodyatt points out, all the foods which enter the 
body resolve themselves into either fatty acid or glucose. When acidosis 
develops it is the result of an imperfect oxidization of certain fatty acids 
as the result of the absence of a sufficient amount of oxidizing glucose. 
The ratio between fatty acids and glucose should not exceed 1.5 to 1. 
It follows, therefore, to quote Woodyatt, 


that the rationale of dietetic management in diabetes is to bring the 
quantity of glucose entering the metabolism from all sources below the 
quantity that can be utilized without abnormal waste; and to adjust the supply 
of fatty acids in relationship to the quantity of glucose so that in the mixture 
of food stuffs oxidizing in the body, the ratio of the ketogenic fatty acids to 
glucose shall not exceed limits compatible with freedom from ketonuria. When, 
as, and if, under these conditions of relative rest for the pancreas, the glucose 
using function improves, then the food supply may be increased gradually in 
so far as this can be done without disturbing the above relations. 


It is of first importance, therefore, to know that a given quantity of 
carbohydrate yields in the body 100 per cent glucose and no fatty acid, 
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protein yields 58 per cent glucose and 46 per cent fatty acid, and fat 
yields 10 per cent glucose and 90 per cent fatty acid. With this informa- 
tion it is possible to calculate the diet, so that the ratio of fatty acids to 
glucose of 1.5 to 1 is not exceeded. 

The determination of the glucose tolerance, or the amount of glucose 
which the body is able to utilize, is of the first importance in the effort 
to ascertain an optimal diet for a given individual. Heretofore it has 
been the practice to add small quantities of carbohydrate from day to 
day until sugar appeared in the urine. This is a slow method and it has 
been superseded by what is known as Woodyatt’s optimal diabetic diet. 
For information as to the rapid estimation of this diet, the reader is 
referred to the recent article by O’Hara (4), which also includes a con- 
venient chart. 
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STUDIES IN THE CHEMOTHERAPY OF BACTERIAL 
INFECTIONS 
Ill. EXPERIMENTAL TUBERCULOUS PLEURITIS AS AN 


AID TO CHEMOTHERAPEUTIC INVESTIGATIONS 
IN TUBERCULOSIS 


JOHN A. KOLMER anp ISAMU OGAWA 


From the Dermatological Research Institute of Philadelphia and the Pathological Laboratories 
of the Graduate School of Medicine of the University of Pennsylvania 


A successful chemotherapy for tuberculosis has not yet been developed. 
Despite the fact that many compounds possess high tuberculocidal 
activities im vitro, none has demonstrated constant curative activities 
in experimentally infected animals. Probable reasons are high toxicity 
preventing the administration of curative amounts of the medicaments 
and their inaccessibility to the bacilli in tuberculous lesions. No field 
in medicine, however, is more worthy of investigation than chemotherapy 
in tuberculosis by reason of the tremendous importance of this disease. 

Chemotherapeutic experiments in tuberculosis have been generally 
conducted with guinea pigs and rabbits. Generalized lesions involving 
the lungs, spleen, liver, lymph nodes, etc., are produced by subcutaneous 
or intraperitoneal inoculations of virulent bacilli. Under proper condi- 
tions the disease is certain to develop and terminate fatally in a month 
or more, but no known drug can be said to favorably influence the experi- 
mental disease in a constant manner. 


PURPOSE OF INVESTIGATION 


The purpose of this investigation was to discover a method of pro- 
ducing the disease in animals more favorable for the demonstration of 
possible curative effects of medicaments developed in the course of 
chemotherapeutic investigations. 

As shown by Kolmer and Idzumi (1), in the treatment of experimental 
pneumococcus meningitis in rabbits and dogs by subarachnoid injections 
of ethylhydrocuprein hydrochloride, and by Kolmer and Sands (2) in the 
treatment of experimental pneumococcus pleuritis of guinea pigs and 
dogs with the same compound, it would appear that localized lesions of 
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serous cavities are more amenable to treatment and offer more sensitive 
indices of therapeutic activity on the part of a medicament than gener- 
alized infections and bacteremias. Amountsof drug, one-half orless than 
the maximum tolerated doses, may be injected into such cavities to 
render the contents distinctly bactericidal and curative, whereas intra- 
venous injections of similar amounts are without demonstrable thera- 
peutic effects, owing, in part, to higher dilution in the blood. For these 
reasons one of us (Kolmer) has advocated the use of localized lesions in 
chemotherapeutic studies in bacterial infections, when the margin be- 
tween dosis curativa and dosis tolerata is small (3). In serum therapy and 
in chemotherapy with arsenical compounds in experimental spirochetal 
and trypanosomal infections, generalized infections may be employed 
because the margin between dosis curativa and dosis tolerata is suffi- 
ciently great to permit the administration of large and sterilizing doses, 
but in bacterial chemotherapy more or less localized lesions appear to be 
somewhat more favorable for eliciting the possible therapeutic effects 
of a medicament. 

In this connection it may be stated that Gay and Stone (4), attracted 
by the frequency of streptococcus empyema in recent years, have success- 
fully produced experimental empyema in rabbits and used the lesion 
to study the curative effects of vaccine and serum therapy. More 
recently Gay and Morrison (5) have continued this work with a study of 
the curative influence of certain dyes but with negative results up to the 
present time. 

The ideal lesion is one that is strictly localized, such as pleuritis; 
extension to the lung, mediastinal nodes and pericardium by lymphatic 
absorption and direct continuity of tissues is to be expected, but bac- 
teremia and metastases to distant organs, such as the spleen, liver, kid- 
neys and meninges, are undesirable. 

If such lesions are produced in a uniform and constant manner, the 
medicaments under study may be injected in appropriate amounts di- 
rectly into the serous cavities at varying intervals after injection of the 
test microédrganisms. 

It is to be remembered, however, that the toxicity of substances in- 
jected into a normal pleural cavity is generally the same or slightly 
greater per gram of body weight than that observed upon intravenous 
injection (6). In the presence of pleuritis the toxicity of a medicament 
varies to a considerable extent. Toxicity is sometimes decreased, prob- 
ably by dilution and modification with pleural exudates and inter- 


a 

oad 

a 

a 
4 
4 
4 


EXPERIMENTAL TUBERCULOUS PLEURITIS 439 


ference with absorption; frequently, infected animals cannot bear the 
usual dose owing to a reduction in resistance by the effects of infection. 


METHOD OF STUDY 


We have used different strains of human and bovine types of tubercle 
bacilli injected into the right pleural cavities of guinea pigs, rabbits, 
rats and dogs. 

These strains! were of moderate virulence for the susceptible animals 
and have been employed for many years in the preparation of tuberculin. 

Our method was to secure growths by filtering glycerin-veal-broth 
cultures, employed for the preparation of tuberculin, and suspending the 
bacilli in sterile saline solution or broth. The suspensions were well 
shaken. to secure homogeneous preparations, but, owing to the difficulty 
of securing suspensions sufficiently homogeneous to facilitate counting, 
the densities were controlled by comparison with the McFarland 
nephelometer. The approximate counts were as follows: 


No. 1: 150,000,000 bacilli per cc. No. 4: 800,000,000 bacilli per cc. 
No. 2: 260,000,000 bacilli per cc. No. 5: 900,000,000 bacilli per cc. 
No. 3: 500,000,000 bacilli per cc. No. 8: 2,800,000,000 bacilli per cc. 
Varying amounts of these suspensions were injected into the right 
pleural sacs. Records were kept of the weights of each animal. Ne- 
cropsies were made of all animals, as well as careful macroscopic and 
microscopic examinations of the pleural, pericardial and peritoneal exu- 
dates and of the thoracic and abdominal organs. Microscopic examina- 
tions were made of all organs because tubercles were sometimes dis- 
coverable in the lungs, spleen, liver, kidneys, diaphragm, etc., when the 
naked eye appearances were approximately normal. Wath few exceptions 
all animals were examined within a period of five weeks after infection. 
This is important tn relation to the subject of metastatic lestons in distant 


organs. 
RESULTS 
1. Pleural infections of guinea pigs with bovine and human tubercle 


bacillz. The results are summarized in tables 1 and 2 which show the 
amounts of exudate found in the serous cavities and the distribution of 


tuberculous lesions. 


1 We are indebted to Dr. Fred Boemer, Director of the State Livestock Laboratory of 
Pennsylvania, and Mr. F. Glenn, of the Mulford Biological Laboratories, for these cultures. 
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With the bovine bacilli right-sided pleuritis and pneumonitis were 
produced in every animal. The majority showed pleural changes on 
the left side and tubercles were found in the left lungs of all animals. 
The pericardium was involved in the majority of animals. As previously 


TABLE 1 
The results of injecting bovine tubercle bacilli (strain H) into the right pleural cavities of 
guinea pigs* 


EXUDATE (cc.) 


DOSE OF 

BACILLARY DURATION 
SUSPENSION (DAYS) 

(cc.) 


Pericardial 

Peritoneal 

RIGHT PARIETAL PLEURA 
RIGAT PLEURA LUNG 
LEFT PLEURA LUNG 
PERICARDIUM 

SPLEEN 

RIOHT KIDNEY 

LEFT KIDNEY 


| Right pleural 
Left pleural 
LIVER 


i=) 
=) 


Died 15 
Died 7 
Died 14 
Died 17 
Died 16 
Killed 21 
Died 20 
Died 56 
Died 56 
Died 51 
Killed 3 
Killed 7 
Killed 19 
Died 11 
Killed 13 
Died 12 
Died 10 
Died 12 
Died 14 
Died 13 
Died 8 
Died 16 
Died 19 


0.6 No. 
1.0 No. 
1.5 No. 
1.8 No. 
2.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
1.0 No. 
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* Animals weighed 260 to 420 grams. 
Tt Means 0.6 cc. of suspension corresponding in density to tube No. 3 of nephelometer. 


stated, the bacilli were injected into the right pleural cavity, but, as 
was found by Kolmer and Sands in experimental pneumococcus pleuritis, 
bilateral lesions were invariably produced. 

The strain employed (while of moderate virulence for guinea pigs by 
subcutaneous injection) was sufficiently aggressive, not only to 
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thoroughly invade the tissues of both lungs, but likewise distant organs, 
such as the spleen (70 per cent) and liver (43 per cent) of these animals; 
tubercles were not found in the kidneys, although the latter frequently 
showed other histological changes. 

The results observed with two strains of human tubercle bacilli 
(table 2) were closely similar. Pleuritis was probably not produced 
in as many animals, but the incidence of lung infections and infections 
of the spleen and liver was about the same as observed with bovine 
bacilli. 


TABLE 2 


The results of injecting human tubercle bacilli (two strains) into the right pleural cavities of 
guinea pigs* 


EXUDATE (cc.) 


RIGHT PARIETAL PLEURA 
LEFT PARIETAL PLEURA 


5 Z 
DOSE OF 
BACILLARY DURATION 
< 
NUMBER | suspENSION (DAYS) x 
(cc.) 
| 
a 
4 


Right pleural 
Left pleural 
Pericardial 
Peritoneal 
PERICARDIUM 
SPLEEN 

LIVER 

RIGHT KIDNEY 
LEFT KIDNEY 


D4 1 No. 8 Died 22. (0 (1.0.0) 0 [++] — -i 
D5 1 No. 4 Died 22 1.0/0 + Heh 
D6 1 No. 2 Died 25 {1.00.5} 0 | O j++) + +] 4+) 4+) - 
D7 1 No. 8 Killed 26 (0 lo 0/0 — 
DS 1 No. 4 Killed 26 0 0 
D9 1 No. 2 Killed 26 0 0 |}0;0)—|—|+/]/+/+4+/4+/-|-|- 


* Animals weighed 280 to 410 grams. 


+ Suspension of bacilli corresponded in density to tube No. 8 of nephelometer. 


2. Pleural infections of rabbits with bovine and human tubercle bacilit. 
These results are summarized in tables 3 and 4. 

The bovine bacilli did not produce pleuritis and lung lesions in as high 
a percentage of animals or of as severe a character as were observed 
among the guinea pigs. The liver and spleen were likewise not involved 
in as high a percentage of animals as occurred among the guinea pigs but, 
curiously, kidney lesions were more frequent. 

The human bacilli produced fairly well marked pleuritis and lung 
tuberculosis on the right side and only occasionally involved the left 
side and the spleen. The well known susceptibility of the rabbit to 
bovine tubercle bacilli as compared with human strains was brought 
out quite clearly in these experiments. 
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TABLE 3 
The results of injecting bovine bacilli into the right pleural cavities of rabbits* 


EXUDATES (CC.) 


i 


DURATION 
DOSE (DAYS) 


Left pleurl 
Pericardial 
Peritoneal 

LEFT PLEURA LUNG 
PERICARDIUM 


| RIGHT PLEURA LUNG 
SPLEEN 


| Right pleural 


| | LEFT KIDNEY 


i=) 
o 


Killed 5 
Died 14 
Killed 28 
Died 15 
Killed 28 
Killed 28 
Died 28 
Killed 35 
Killed 29 
Died 31 
Killed 29 
Died 22 
Died 25 
Killed 26 


Ri 2 No. 
R2 2 No. 
R3 4 No. 
R4 4No. 
R5 4 No. 
R6 4 No. 
R7 | 2.5 No. 
R8 2 No. 
R9 5 No. 
R10} 5No. 
R11 5 No. 
1A 2 No. 
2A 2 No. 
3A 2 No. 


I+ 


[+++ 


| RIGHT PARIETAL PLEURA 


oo 
4 


oo 


oo 


b+t+++++ 
| | | | | | | | | | LEFT PARIETAL PLEURA 
| + 


oo 


wu 


+i 
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* Animals weighed 1800 to 2300 grams. 
TABLE 4 


The results of injecting human tubercle bacilli (two strains) into the right pleural cavities of 
rabbits* 


EXUDATES (CC.) 


DURATION 


DOSE (DAYS) 


Percardial 
Peritoneal 

RIGHT PLEURA LUNG 
LEFT PLEURA LUNG 
PERICARDIUM 

RIGHT KIDNEY 

LEFT KIDNEY 


| RIGHT PARIETAL PLEURA 
SPLEEN 


| 


| LEFT PARIETAL PLEURA 


| Right pleural 
Left pleural 


wm 


Killed 27 
Killed 28 
Killed 28 
Killed 28 
Killed 28 
Killed 28 
Killed 28 
4 days 
Killed 28 
Killed 28 
Died 21 
Killed 28 


2 No. 
2 No. 
2 No. 
2 No. 
2 No. 
2 No. 
2 No. 
2 No. 
1 No. 
1 No. 
0.5 No. 
0.5 No. 


wn 


1+ 


| 


ooocoooccoroo 
uw 
w 


* Animals weighed from 2000 to 2400 grams. 
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3. Pleural infections of dogs with bovine and human tubercle bacilli. 
Bovine tubercle bacilli proved more virulent than human strains. With 
the former, well marked tuberculosis of both pleurae and lungs were pro- 
duced with involvement of the pericardium and mediastinal nodes. 
Metastasis also occurred to the spleen and kidneys (table 5). 

The human strains produced tuberculosis confined to the side of in- 
jection (right). Tubercles were generally scattered profusely over the 
parietal pleura, and the lung and visceral pleura showed enormous 
numbers of miliary lesions with large amounts of pleural exudate. The 
left lung and pleura were free from tubercles upon naked eye inspection 


TABLE 5 
The results of injecting human and bovine tubercle bacilli into the right pleural cavities of dogs* 


PLEU- 
RAL EX- 
UDATES 


STRAIN DOSE (CC.) DURATION 


RIGHT PARIETAL PLEURA 
LEET PARIETAL PLEURA 


RIGHT PLEURA LUNG 


LEFT PLEURA LUNG 
BRONCHIAL NODES 
RIGHT KIDNEY 


LEFT KIDNEY 


PERCARDIUM 
DIAPHRAGM 


SPLEEN 


Bovine | 5 (No. 8) 4 weekst|100} 60) + | +) +] + +) + 
Bovine | 2 (No.8) | 4 weeks | 35) 30) +/-|-/-| + 
Bovine | 1 (No.8) | 4 weeks | 15} +/+i-|-| -| - 


| 
| 
| 
| 
| 


Human | 2 (No. 8) 4 weeks |225)130)++|) — |++ 


1 
2 
3 
4 Human | 5 (No. 8) 4 weeks |180/170)} ++) — 
5 
6 Human | 1 (No. 8) | 14 days oO} Oo} — | — I++ 


* Animals weighed 8.5 to 10 kilos. 
Tt Nos. 1, 2, 3, 4. and 5 living at end of 4 weeks. 


and microscopic examination, although fluid was generally found in 
the left pleural sac, being derived in large part from the right side. 
Metastases to the abdominal organs did not occur in any of our animals 
(table 5). 

4. Pleural infections of rais with bovine and human tubercle bacillt. 
Albino rats weighing from 100 to 280 grams were employed. Bovine 
bacilli injected into the right pleural cavity almost invariably produced 
well defined lesions of the parietal and visceral pleurae and lung with 
extension to the mediastinal nodes and pericardium, but with involve- 
ment of the left side in only about 10 per cent of animals. Metastases 
to the spleen, liver and kidneys were not observed, although it may 
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be mentioned here that all animals were examined within a period of 
twenty-eight days from the time of infection (table 6). 

Human bacilli were less virulent and the lesions were confined to the 
side of injection with involvement of the pericardium and mediastinal 
nodes in the majority of animals. None, however, showed involvement 
of the left side or of the spleen, liver and kidneys (table 6). 

TABLE 6 


The results of injecting human and bovine tubercle bacilli into the right pleural cavities of 
white rats* 


NUMBER STRAIN (CC.) 


RIGHT PARIETAL PLEURA 
LEFT PARIETAL PLEURA 


RIGHT LUNG PLEURA 
LEFT LUNG PLEURA 
PERICARDIUM 


| SPLEEN 


Bovine 1.0 (No. 8) 
Bovine 1.0 (No. 8) 
Bovine 1.0 (No. 8) 
Bovine 0.5 (No. 8) 
Bovine 0.5 (No. 8) 
Bovine 0.5 (No. 8) 
Bovine 0.1 (No. 8) 
Bovine 0.1 (No. 8) 
Bovine 0.1 (No. 8) 
Human 1.0 (No. 8) 
Human 1.0 (No. 8) 
Human 1.0 (No. 8) 
Human 0.5 (No. 8) 
Human 0.5 (No. 8) 
Human 0.5 (No. 8) 
Human 0.1 (No. 8) 
Human 0.1 (No. 8) 
Human 0.1 (No. 8) 


++ 


1 
2 
3 
4 
5 
6 
7 
8 
9 


++ 

++ 1 
+i 


ie t+ 4 


* Animals weighed 140 to 285 grams. 
{ All animals living at the end of 4 weeks when examinations were made. 


The lesions were best developed in animals weighing from 100 to 150 
grams. 


EXPERIMENTAL TUBERCULOUS PLEURITIS AND PNEUMONITIS 


The distribution, type and severity of the experimental lesions varied 
considerably among the different species of animals and to some extent 
among the animals of the samespecies. Asa general rule the best developed 
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lesions of the right pleura and lung were observed among animals having a 
certain degree of natural tmmuntty to tubercle bacilli, such as the rabbit 
to human bacilli, the dog and rat to human and bovine bacilli. 

The lesions of the parietal pleura varied from a few tubercles around 
the site of injection to widespread miliary tuberculosis. Occasionally 
a large tubercle or mass of tubercles was found at the apex, with adhe- 
sions, or at the diaphragmatic angle. In a few instances tubercles de- 
veloped in the thoracic muscles. 

The lung lesions were of varying types and severity. In some, well 
marked pleuritis was observed, with innumerable miliary tubercles, 
especially in the lungs of dogs and rats. In other animals, especially 
suinea pigs infected with both human and bovine strains, and 
rabbits with bovine bacilli, the visceral pleura showed but few 
tubercles, whereas the lungs were riddled with them. Numerous in- 
stances were observed of tubercles located in the substance of the lung 
some distance beneath an apparently normal and intact pleura, the 
bacilli being transmitted by vascular or lymphatic channels. 

In the majority of lungs the tubercles were circumscribed and 
typical; in others the changes were diffuse, producing acute tuber- 
culous pneumonia. 

The lesions of the left lung and pleura were similar; almost invariably, 
however, the disease was best developed in the lung with fewer lesions 
of the visceral and parietal pleurae. 

Involvement of the mediastinal nodes was found in practically all 
animals, the lesions varying from microscopic tubercles to large caseous 
masses. The pericardium usually showed the presence of tubercles, 
hut tubercles of the epicardium and heart were not found, although the 

-ticardial sac frequently contained an excess of fluid. 

The pleural portions of the diaphragm were frequently involved on 
both sides; tubercles on the abdominal portions were, however, en- 
countered in only a few instances. 

The lesions of the spleen, liver and kidneys presented the usual 
appearances; not infrequently these organs were free from macroscopic 
tubercles which were found upon histological examination. Cloudy 
swelling, passive hyperemia and other well known changes accompany- 
ing tubercle formation were observed. 

The inflammatory exudates presented the usual cytological and 
chemical features of tuberculous exudates. The chief difference from 
exudates observed in human pleuritis consisted in the very large numbers 
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of tubercle bacilli to be found. Only exceptionally there was none to be 
found in ordinary smears of the sediment obtained by centrifugation. 

These exudates were of the usual straw-colored, serous fluid, and could 
be obtained in many instances during the life time of the experimental 
animal, and particularly from the dogs and guinea pigs. Sometimes 
these fluids contained considerable blood. 

As is true of exudates occurring in human tuberculosis, small lympho- 
cytes usually predominated (table 7). 


TABLE 7 
The cytology and albumin content of tuberculous pleural exudates 


RIGHT PLEURAL EXUDATES LEFT PLEURAL EXUDATES 


TUBER- 
Albumin] CLE 
(approxi- | BACILLI 
thelials mate 
Per cent) 


DURATION 
(DAYS) Small Poly- Endo- —_ 
lympho- | morpho- nd ppr 
cytes nuclears thelials mate 
per cent) 


Small Poly- 


lympho- | morpho- 
cytes nuclears 


58 ; 80 18 3. 
95 ; 92 7 2. 
77 | ; 84 15 
81 .0 
97 ; 90 10 0 
50 : 65 25 
91 
65 
82 
85 
68 
86 
80 


9 


DISCUSSION 


As before stated, our aim was to produce, as far as possible, localized 
tuberculous infections. The pleural cavity would appear to be ideal for 
this purpose, because the medicament may be brought into intimate 
contact with the lesions and the injections of the latter are given with 
great ease. Mere tuberculocidial activity on the part of the medicament 
under study may not, however, influence the lesions if treatment is in- 
stituted after the disease is well advanced, unless the medicament can 
penetrate the new inflammatory exudate and tissue of the tubercles. 
The earlier treatment is begun, however, the less need be this penetrat- 
ing property of the medicament; and in the chemotherapeutic experi- 
ments being conducted by one of us (K.), treatment is begun at varying 
intervals after infection. 
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These experiments have failed to disclose a method of infection in 
which the disease is confined strictly to the parietal and visceral pleurae; 
the lung and bronchial nodes on the same side are invariably involved. 
But lesions confined to the pleura and lung of the same side in which the 
bacilli are inoculated are still ideal for chemotherapeutic investigations. 
Table 8 shows a summary of the distribution of lesions observed in these 
experiments, and indicates that from the standpoint of production of 
localized lesions, best results are observed with the following combina- 
tions named in order of preference (table 8): 


. Rats infected with bovine bacilli 
. Dogs infected with human bacilli 
. Rats infected with human bacilli 
. Dogs infected with bovine bacilli 
. Rabbits infected with human bacilli 


Guinea pigs are unsuitable; susceptibility to both human and bovine 
bacilli is too great and the lesions are consequently too widespread. 


TABLE 8 
Percentage of lesions produced by injections of bovine and human tubercle bacilli into the right 
pleural cavities of animals 


RIGHT LEFT RIGHT LEFT 

PARI- PARI- | PLEURA | PLEURA 

ANIMAL STRAIN CARDI- | SPLEEN | LIVER KID- KID- 
ETAL ErAL AND AND UM NEY NEY 

PLEURA| PLEURA| LUNG LUNG 


Guinea pig Bovine | 100 74 100 | 87 74 70 43 
Guinea pig Human | 66 33 100 | 83 66 66 33 


Rabbit Bovine 85 35 100 | 78 71 43 14 21 14 
Rabbit Human 83 8 83 | 25 8. 8 

Dog Bovine | 100 | 100 100 | 100 | 100 33 66 | 33 
Dog Human 66 100 

Rat Bovine 89 10 89 | 10 33 


33 


Rat Human 


The proper procedure ts to select an animal having a well defined natural 
immunity to tuberculosis and infect the right pleural cavity with sufficient 
numbers of tubercle bacilli of slight or moderate virulence; highly virulent . 
strains are too invasive and should not be employed. 

The amount of culture to be employed varies with different strains 
and must be determined by preliminary experiments. Our work is 
being conducted with strain H of bovine bacilli furnished by Dr. Fred 
Boemer of the Pennsylvania State Livestock Laboratory, Philadelphia, 
Pa. As shown in the charts, our doses have been large, probably un- 
necessarily large. But in chemotherapeutic experiments it is necessary 
to employ doses of culture yielding 100 per cent ‘“‘takes” in the controls, 
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in order to avoid errors and misinterpretation of results. At this time 
we do not know the minimal dose to employ, as only prolonged experi- 
ence can yield this information. It is necessary, however, to use ani- 
mals of approximately the same age and weight in order to secure uni- 
form results. Owing to the small size and cheapness of the white rat, 
we believe this to be the animal of choice, inasmuch as large numbers 
may be used, as is necessary in chemotherapeutic research. 


SUMMARY 


1. For chemotherapeutic investigations in bacterial infections, loca- 
lized are better than generalized infections for the study of medicaments 
possessing but a slight margin between the toxic and curative doses. 

2. For chemotherapeutic investigations in tuberculosis, it is recom- 
mended that experimental tuberculous pleuritis and pneumonitis be 
employed as a lesion offering more hope for successful therapy than 
generalized infections. 

3. For the production of experimental tuberculous pleuritis, the ani- 
mal should be of a species possessing some natural immunity, in order to 
reduce invasiveness of the bacilli and the development of lesionsin distant 
organs; the cultures should be of moderate rather than high virulence. 


4, Experiments with guinea pigs, rabbits, dogs and white rats, em- 
ploying human and bovine strains of tubercle bacilli, have shown that 
the best lesions, largely confined to the side of injection, were produced 
in rats by bovine bacilli (strain H) and in dogs by human bacilli. 


We are indebted to Mr. Louis Borow for aid in conducting some of these experiments. 
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Fic. 1. GurneA Pic aBpout SIXTEEN Days AFTER INOCULATION OF HUMAN TUBERCLE 
BACILLI INTO RIGHT PLEURAL CAVITY 


Extensive fibrinous pleuritis with miliary tubercles of pleura, lung and pericardium. 
No involvement of the left lung or pleura. 
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Fic. 2. SECTION or LUNG AND PLEURA oF-ACUTE TUBERCULOUS PLEURITIS AND PNEU- 
MONITIS SHOWN IN FicureE 1 
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Fic. 3. SECTION OF RicHT LUNG AND PLEURA ABOUT FIVE WEEKS AFTER INTRAPLEURAL 
INOCULATION OF TUBERCLE BACILLI 


Organizing pleuritis 


Fic. 4. SECTION OF PARIETAL PLEURA ABOUT THREE WEEKS AFTER INTRAPLEURAL 
INOCULATION OF TUBERCLE BACILLI 


Miliary tubercles 
450 
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Fics. 5 AND 6. MILIARY TUBERCLES IN LUNG WITH PRACTICALLY No PLEURITIS 


These lesions frequently escape macroscopic detection. Lesions developed in right 
lung of guinea pig about sixteen days after intrapleural injection of bovine bacilli. 
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Fic. 7. AcuTE TUBERCULOUS PNEUMONITIS OF RABBIT ABOUT TEN DAYS AFTER THE 
INTRAPLEURAL INJECTION. OF BOVINE TUBERCLE BACILLI 


Fic. 8. CytoLtoGy oF PLEURAL ExupATES, SHOWING LARGE PERCENTAGE OF SMALL 
LYMPHOCYTES 
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Fic. 9. Cytotocy oF PLEURAL ExuUDATES, SHOWING LARGE PERCENTAGE OF SMALL 
LYMPHOCYTES 


Fig. 9 also shows a clump of tubercle bacilli 


Fic. 10. PHaGocytTosis oF TUBERCLE BACILLI By LEUCOCYTES IN PLEURAL EXUDATE 
453 
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A BRIEF FOR INVESTMENT IN ADEQUATE PREVENTION 
OF TUBERCULOSIS! 


HAVEN EMERSON 
New York City 


GENERAL CONSIDERATIONS 


Although it has been a matter of common knowledge to most phy- 
sicians and to many of the laity that the loss of life, wealth and resources 
from tuberculosis, both pulmonary and of other forms, has for many 
generations been the greatest drain from disease upon all classes of the 
population and upon all races of our country, the actual present day 
extent of the damage due alone to this preventable and curable disease 
has not yet been expressed in a brief and convincing manner. 

The direct losses from tuberculosis can be described from the point 
of view of the community most simply in terms of (1) deaths attributable 
to this disease; (2) the estimated shortening of the expectancy of life 
due to deaths from tuberculosis; (3) cases of prolonged total disability, 
or persons suffering from long periods of semiinvalidism from tuber- 
culosis, or including (1), (2), and (3); (4) the loss in wealth due to 
deaths, sickness and shortened lives. 


1 This statement was prepared at the request of the Association for Improving the Con- 
dition of the Poor, for presentation to a group of interested and influential citizens, bankers, 
lawyers, health officers, practising physicians and directors of social undertakings, with a 
view to persuading those in position of responsibility for the administration of large funds 
established for the benefit of the public, that investment in prevention of tuberculosi§ would 
be profitable, and a notable further reduction in the disease practicable in the immediate 
future by application of well-known reliable methods. 

The coéperation of Dr. Donald B. Armstrong, Director of the Framingham Demonstra- 
tion, of Mr. Godias C. Drolet, statistician of the New York Tuberculosis Assoiation, of 
Dr. Louis I. Dublin, statistician of the Metropolitan Life Insurance Company, of Mr. John 
C. Gebhart of the staff of the Association for Improving the Condition of the Poor and of 
Rev. Dr. Walter M. Laidlaw, Executive Secretary of New York City 1920 Census Com- 
mittee, is gratefully acknowledged, as their critical suggestions and verification of the general 
statements of facts presented were essential for whatever merit the brief may contain. 
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PRESENT STATUS OF DEATH LOSS IN THE UNITED STATES AND NEW 
YORE: CITY 


Using the population of continental United States as 108,500,000 
(estimated exactly to be 108,468,099 on January 1, 1922) and that of the 
City of New York as 5,850,000 (estimated at 5,841,187 on January 1, 
1922), and basing our estimates of deaths, sickness and other losses upon 
80 deaths per annum from pulmonary tuberculosis per 100,000 of the 
population, a rate below any so far recorded for the City or the Nation for 
a year (89 in New York City in 1921), we find that we shall lose in 
1922 in continental United States 86,800 lives, in the City of New York 
4.680 lives from pulmonary tuberculosis alone, and at a rate of ten 
deaths per annum per 100,000 of the population from other forms of 
tuberculosis (14 in New York City in 1921), or 10,850 lives in the Nation 
and 585 for the City in addition, or a total number of deaths from all 
forms of tuberculosis of 97,650 for the United States and 5,265 for the 
City of New York in 1922. 


EXTENT OF SICKNESS FROM TUBERCULOSIS IN THE UNITED STATES AND 
NEW YORK CITY 


Studies of the incidence of tuberculosis in many parts of the United 
States show that there are quite certainly seven times as many people 
suffering from the disease at any time as there are deaths from tuber- 
culosis in the population in the given year. In arriving at this figure of 
seven cases per death per annum we are considering only those who are 
definitely handicapped, if not totally disabled by the active process of 
the disease, and requiring medical and nursing direction and care. 

If all the devices and resources which were used at Framingham, 
Massachusetts, are used in an average community we may expect to 
discover as many as ten cases with demonstrable signs of pulmonary 
tuberculosis for each death from this form of the disease per annum, but, 
since the actual experience in New York City in the best administered 
districts, with the available means of the public and private agencies, 
has been that not more than seven cases of active disease per death per 
annum are found, we are using the more conservative number. 

Further, instead of charging against the disease the cost of sickness 
care of all the cases of tuberculosis, many of which will have to suffer 
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little in the way of interference with their work or manner of living, it is 
considered reasonable to arrive at the number of persons with tuberculosis 
who will need medical care and direction, and during this period will be 
unable to work, by multiplying the number of deaths per annum by the 
factor 23, or the number of years found to be the usual duration of com- 
plete disability prior to death of cases of pulmonary tuberculosis. (Sir 
George Newman uses three years in his statements on the duration of 
sickness prior to death from tuberculosis.) 

There will be found in all probability during 1922 not less than 683,550 
people in continental United States and 36,855 in the City of New York 
suffering from the active stages of tuberculosis and needing almost con- 
stant professional direction, and many also financial aid. 


FINANCIAL COST OF DEATHS AND SICKNESS 


Although the value of life, including consideration of all factors of age 
and sex, and of social, economic or racial status of the individual, hasnever 
been estimated to the entire satisfaction of economists, and even less 
to the satisfaction of the family from which a life has been taken, it is 
possible to arrive at the cost of the annual death loss from tuberculosis 
by showing what this means in terms of shortened lives. Our annual 
loss of life from tuberculosis, applied to the entire population of all age 
groups, means the shortening of the duration of life of all of the popula- 
tion by not less than two and one-half years. Without rehearsing the 
evidence upon which the cost of reduction in life expectancy is based, 
it can be said that $100 is considered by well informed, reliable, and con- 
servative statisticians and scientists as representing the loss in national 
wealth due to a loss of a year of time by an individual. 

Tuberculosis is cutting two and one-half years or $250 from the life 
or wealth resources of each person in the United States during the span 
of his life, or for all of those now living in the continental United States 
$27,125,000,000, for all of those now living in the City of New York the 
sum of $1,462,500,000 during their life-span. 

Since present day expectation of life is approximately fifty-two years, 
we shall be wasting lives in 1922 from tuberculosis deaths in New York 
City and the United States equivalent to a loss in the wealth of the Nation 
and the City of $521,634,615 and $28,125,000, respectively, in the year 
1922, or $4.81 per capita of the entire population. 
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ADDITIONAL COST OF CARE OF THE TUBERCULOUS SICK 


In spite of the impracticability of giving accurately all the elements 
in the cost of care of those suffering from various forms of tuberculosis, 
we are well within the facts of expense when we use the figures obtained 
from relief agencies which care for the dependent sick. 

The group of the population of the City of New York for whom the cost 
of care has been calculated are precisely those of the community whose 
standards of living are such that the cost of their care can be met by a 
minimum expenditure for housing, nutrition, clothing and professional 
supervision. The higher the economic and social status of the patient 
the more expensive is the cost of his care during illness from tuberculosis. 
The estimate now offered is considered to be well within the most con- 
servative limits for the entire population. It now costs in New York 
City not less than $1,500 a year to give adequate care to a patient in the 
active stage of tuberculosis; this cost including, as it must, the protection 
of members of the patient’s family against the major risks of exposure to 
the disease, as well as provision for medical observation for the family, 
to detect and correct promptly any evidence of early development of an 
active tuberculous process in other members of the household. 

There must be added, therefore, to the cost of deaths from tuber- 
culosis the cost of care of the sick, which for the United States and New 
York City would be $341,775,000 and $18,427,500 respectviely, for the 
year 1922, or $3.15 per capita of the population. 

The combined wastage from tuberculosis in terms of dollars alone in 
1922 will be for the continental United States $863,409,615 and for the 
City of New York $46,552,500 or $7.96 per capita of the population for 
the year. 

If, instead of picturing the aggregate loss in wealth and in cost of 
services for care of the tuberculous sick as a burden shared equally by 
all members of the community alike, whether in city or nation, we try 
to express the losses from the point of view of the handicapped minority 
of the people who suffer from tuberculosis, not from any personal fault 
or neglect or misdeed of their own, but largely because the community 
has not fully safeguarded its young and dependent, its wage earner and 
its school child, we see the problem in a somewhat more serious and 
painful perspective. It may be said that an annual per capita loss of 
$7.96 can be better borne, while the gradual decrease of tuberculosis is 
being accomplished by the expenditure of a fraction of that amount 
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each year, than can an annual outlay not far from the actual cost of the 
disease, for the sake of a more rapid elimination of it. But what does 
this look like from the point of view of the 683,550 tuberculosis patients 
in the United States and the 36,855 in New York City, whose losses 
have been theoretically distributed among all the people? In 1922 these 
tuberculosis patients will lose $1,262 apiece, as well assuch of the amenities 
of life as may constitute their particular share of happiness, and one in 
seven will die to boot. 


REDUCTION IN TUBERCULOSIS 


The reduction in all forms of tuberculosis has been notable and pro- 
gressive in recent times, as can be seen from the percentages of fall in 
the death rates of tuberculosis per 100,000 population in the City of 
New York and in the United States during the past ten years. 


DEATH RATE PER 100,000 PERCENTAGE 
FROM TUBERCULOSIS OF REDUCTION 


1910 1920 (1921) 1910-1920 | 1910-1921 


New York City 210 126 (103) 40.0 50.9 
United States (continental) 160 114 28.7 


(Reduction in N. Y. City 1920-1921 = 18.3 per cent.) 


VARIATIONS IN THE DEATH RATE FROM TUBERCULOSIS AMONG NATIONS, 
STATES AND DISTRICTS OF A CITY 


Whether we look on the death rates from tuberculosis as students of 
international relations or as analysts of regional variations among the 
states of the Union, or as interested citizens of our own metropolis, we 
find wide variations in the death rates from tuberculosis. Several cities? 
and large parts of the rural population in central and eastern Europe 
show death rates even in 1920 as high as 400 per 100,000 per annum, 
while Australia boasts a rate of under 75. Among our cities, where 
there is a preponderance of Negro or Irish population, rates of 
250 or over are not uncommon, while in the states of Utah (449,396), 
Kansas (1,800,000) and Oregon (783,000) the rates per 100,000 for 1920 


2 1920 death rate per 100,000 population from tuberculosis: 
Vienna Warsaw 338 Amsterdam 
Prague Florence 
Berlin Cologne 
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were Utah 40.8, Kansas 47.4 and Oregon 86.2. Similarly, within the 
City of New York there are large units of the population so favored by 
race, education and economic status that rates of 50 and under prevail 
among them (96,289), while in others less fortunately situated to resist 
disease we find 231,780 of our fellow citizens supporting a tuberculosis 
death rate of over 300 per 100,000 per annum. (See death rates by 
sanitary areas per 100,000 population for the past six years, 1915-1920, 
appendix A.) 


REDUCTION OF RATES NOT A MATTER OF CHANCE 


That these wide discrepancies in the burden of deaths tolerated by 
different communities, be they urban, state-wide or national, are not 
accidental, but result from controllable factors of environment and 
human relationships, is known to physicians and economists. 

That reductions, where they have occurred, are due and in proportion 
to consistent effort and intelligent direction in the prevention and treat- 
ment of the disease is accepted by special students and authorities in 
tuberculosis. 

That there is nothing unreasonable or improbable in the expectation 
that we can accomplish a reduction of 50 per cent in the incidence and 
deaths from tuberculosis by applying well-known measures to groups of 
urban and rural communities, is shown by the experience with logical 
and adequate preventive services demonstrated at Framingham, during 
the past five years, where, as a direct result of combined medical and 
social attack upon tuberculosis in a population of 17,000, the death rate 
has been reduced from a rate of 121 to one of 40 per 100,000, or 67 
per cent, 


|THE COST OF PREVENTIVE SERVICE 


Experience with the treatment, prevention, cure and education of the 
tuberculous, even under the difficult conditions as to race and economic 
status which prevail among the crowded and partly dependent tenement 
house dwellers of this City, demonstrates the practicability of ac- 
complishing very great reductons in the development of the disease and 
postponement of deaths from the disease, such as have already been 
attained at Framingham, at a total cost to the community of $2.40 per 
capita per annum. 
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COST AND SAVINGS TO THE NATION AND THE CITY OF REDUCTION IN 
TUBERCULOSIS 


Admitting for the sake of discussion the correctness of the estimates 
of losses which are likely to be suffered from tuberculosis by the Nation 
and by the City of New York in 1922, namely, $863,409,615 and 
$46,552,500, respectively, a reduction in the death rate of fifty per cent, 
with an equivalent and simultaneous reducton in illness from tuber- 
culosis, would mean a saving of $431,704,808 for the Nation and 
$23,276,256 for the City in the year 1926. Theoretically, this can be 
accomplished at an annual expenditure of $3.00 per capita for five years, 
or, for the two population groups, $17,550,000 for the City and 
$325,500,000 for the Nation per annum. 

It is not within the limits of exact facts to picture the reduction from 
year to year during the five year period, but if we believe we can ac- 
complish a reduction of 50 per cent in the fifth year we must have faith 
and confidence that during the five years, and prior to the completion 
of the service, there will have been exhibited substantial reductions each 
year. We can properly consider that each year the cost of service 
should fall, with a steadily diminishing number of people sick with tuber- 
culosis to be cared for; and when we start at the sixth year we should 
find ourselves facing not the 1922 situation over again, but a community 
suffering only one-half the losses of 1922, and already losing but $3.98 
per capita in 1927 from the disease, and a much diminished cost of service. 
How much less it is impracticable to estimate, since one of the most 
effective means to be counted upon for final reduction of the disease 
is an annual periodic medical examination of each member of the com- 
munity, and up to the present time the costs of this have not been deter- 
mined, although it is difficult to see how the cost of a preventive service 
could be reduced much below $3.00 and still give the protective caguaates 
skill which would be needed. : 

In a broad way we can reasonably expect increased savings from a 
decreased expenditure as follows: 


Losses in 1922 per capita of population 

Estimated cost of preventive service per capita of population annually, 1922- 
1926 inclusive 

Losses in 1926 per capita of population 

Estimated cost of preventive service per capita of population 1927 


$7 .96 
3.00 
3.98 
2.75 
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A PRACTICAL TRIAL WITHIN OUR REACH 


Presuming that it would be no matter of great difficulty to obtain a 
sum adequate to meet the cost for a period of five years to extend a 
demonstration, such as has already been carried to a successful conclusion 
in Framingham, to a district within the City of New York or in popula- 
tions adjacent to the city which can be properly described as suburban 
or rural, a study of the elements which might determine the selection 
of a population group or a district within which to apply such a fund at 
the rate above suggested has been made (see appendix B). 

Presuming that an expenditure of $1,500,000 a year for five years were 
provided from public and private sources to apply a consistent and 
liberal policy for prevention of tuberculosis, according to the best 
available present day knowledge, in not more than three groups in 
New York City and State, with a combined population of not over 
500,000, we would doubtless show savings in the year 1926 in terms of 
deaths postponed, sickness avoided and costs of life reduced in these 
groups, of 225 deaths from tuberculosis postponed, 1575 cases of sickness 
from tuberculosis avoided, and $1,990,000 spared to the community 
because of reduced costs of deaths and disease.’ 

There will remain, as a burden upon the community of 500,000 people, 
a wastage of $1,989,428 in the sixth year, due to tuberculosis, in the 
reduction of which we should obviously have to expend a smaller sum 
per capita of population than has been supposed to be needed in the first 
five years. In other words, the costs of preventive service will fall, 
though not at an equal rate with the diminution in losses to the com- 
munity from the disease. 

That this measures only certain crude savings is obvious to any one 
familiar with past experience, where any large group of diseases or cause 
of a large group of deaths, such as the enteric diseases, the diseases of 
infancy and the acute infectious fevers, has been materially reduced, 


3 Deaths at rate of 90 for tuberculosis, all forms, in a population of 500,000 would be 
450 a year: 50 per cent reduction would mean 225 deaths postponed in 1926. 

Sickness from tuberculosis at rate of 7 active cases per death per annum would be 3,150: 
a 50 per cent reduction, 1,575. 

Cost of sickness at a rate of 24 years of sickness and $1,500 per year for professional care, 
or care and relief would be $1,575,000: a 50 per cent reduction in cost of sickness, $787,500. 

Cost of deaths among 500,000 population at the rate of cost for a city of 5,850,000 would 
be $2,403,847: a 50 percent reduction in cost of deaths per 500,000 would amount to $1,201,928. 

Total savings in 1926: deaths, 225; sickness, 1575; cost, $1,989,428. (See appendix C 
for summary of facts and estimates.) 
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since in the case of each such material reduction of particular diseases 
there has been a notable and persistent reduction in many other kinds 
of sickness and deaths not obviously related to the particular disease 
reduced. 

Furthermore, in dealing with a carrier disease, of which the distribution 
is due to the great prevalence of carriers of tubercle bacilli which are 
commonly discharged in the sputum and over very long periods of time 
in the lives of many of the unrecognized cases and in a majority of those 
acutely ill with the disease, a reduction of 50 per cerit in the deaths and 
prior sickness from the disease will result in a greater reduction in the 
community cost in subsequent years and an increasing relative saving in 
lives and cost, in proportion to the expenditure of time, effort and money 
in control and prevention by isolation. 

In other words, the savings expressed in terms of dollars in the fifth 
year of the undertaking represent not an individual or unique saving for 
one year, but a stage in an increasing and continuous saving to endure 
at least at the same rate and probably at a greater rate in subsequent 


years. 
In fact, now that the gradually developing evidences of results from 
the many years of intelligent educational, sanitary and medical effort in 


the control of tuberculosis are becoming manifest, it is apparent that 
this disease can actually be rendered a negligible factor in mortality and 
morbidity if we push our attack with the liberality called for in the 
premises. 

With the facts in hand, as to the burden in loss of life and wealth which 
tuberculosis still causes, in spite of the reduction in deaths from the disease 
in the more favored countries, cities and economic groups, and accepting 
as sound and practical the methods, by which in Framingham a further 
great reduction in deaths and sickness from this disease has been ac- 
complished, and admitting as reasonable and accurate the estimate of 
cost of a repetition of such services in New York City based upon’ the 
experience of the Association for Improving the Condition of the Poor 
in its Home Hospital experiment during the past seven years, it is pre- 
sumed that the logical next step is to invest further in life-saving, with 
the obvious and calculable result of earning, for the selected population 
group, dividends in amount, whether expressed in human life or wealth, 
to justify an expenditure at least twice the per capita cost of the best 
modern municipal public health service. 
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It is believed that if three population groups of approximately 200,000 
each, one in New York City, one in a city of the second class in New York 
State, and one including a smaller city and a large rural or country area 
in New York State, were so served by the judicious investment of $3.00 
per capita for the prevention and treatment of tuberculosis among them, 
in addition to the expenditures now made by these various communities 
for purposes directly or remotely assisting in the control and care of 
tuberculosis, as to reduce the death rate per 100,000 per annum in 
five years by 50 percent, the effect upon the districts selected, . 
upon the Nation, and upon the opinion and wealth of the world asa whole 
would be such as to convince all nations and communities of their 
obligation to make at least the same effort and probably to oust tuber- 
culosis from its position of the greatest single destroyer of life 


and property to-day. 
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APPENDIX A 
Summary oF Stupy oF DEATHS FROM TUBERCULOSIS FOR THE Six YEARS 1915-1920 m 
MANHATTAN BOROUGH OF THE CiTy OF NEW YorK, BY SANITARY AREAS 
A. Population groups in the Borough of Manhattan showing an average death rate from 50 to 
800 per 100,000 population per annum and over 


DEATH RATES FROM TUBERCULOSIS, 


POPULATION GROUP 
ALL FORMS, AVERAGE ACTUAL RANGE OF RATES 
(ESTIMATED AS OF JULY 1, 1921) 1915-1920, PER 100,000 


96,289 Less than 50 21-47 
535,714 50-100 53-98 
571,810 100-150 101-148 
446,572 150-200 150-198 
249 , 526 200-250 200-248 
132,389 250-300 256-296 
111,117 300-350 300-347 

34,306 350-400 _ 352-394 

29 448 400-450 409-438 

9,415 450-500 468-491 
22,447 500-550 507-530 
7,699 550-600 579-585 
4,441 600-700 606 
5,586 700-800 758-777 
7,321 Over 800 1109-6667 


B. Population groups with rates C. Population groups with rates 
Under 50 Over 1,000 
Under 100 Over 
Under 150 1,203,813 Over 
Under 200 1,650,385 Over 
Under 250 Over 
Under 300 Over 
Under 350 Over 
Under 400 Over 

Over 
Over 
Over 
Over 


i 

i 
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7,321 
12,907 
17 , 348 
7,494 
6,909 
6,357 
0,663 
1,780 
,169 
3,695 
,267 
2,077 
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APPENDIX B 


By agreement among a group of physicians and of other students and administrators of 
tuberculosis services in New York and elsewhere, the following items were considered to be 
important and probably the determining factors in selecting a population group within the 
city of New York for the purpose of the undertaking under discussion: 

1. Population group or groups of not more than 250,000 each. 

2. No such dominance of any one race as to determine racial differences in the tuber- 
culosis death rate of the area. 

3. No preponderance of Jewish residents, such as would require special consideration of 
the religious and social customs of this race in carrying out home care of the tuberculous. 

4. No such large group of Negroes as to create a colony with the characteristic problems 
of this race. 

5. No great excess of diminution in the crude death rate, the tuberculosis death rate, 
or the infant mortality rate as compared with the corresponding rates for the borough or 
city as a whole during the past five years. 

6. The expression by responsible groups of the community or communities in the areas 
under consideration of eagerness to participate in the proposed undertaking, this to be ex- 
pressed in the form of definite commitments to expenditure of effort, service and funds for 
the object aimed at. 

7. Adequate resources of a public and private, medical and social character, or commit- 
ment to their provision at an early date by the public authorities or the private agencies of 
the area, to meet what may be called the normal needs of the population of the area in the 
field of medical and social prevention and relief. 

8. The absence of any important social or health undertaking which might make it 
impracticable to draw clear-cut conclusions as to the cause, effect and results properly attrib- 
utable to the particular method of home care for the tuberculous here proposed. 

9. Other determining factors for decision as above indicated being equal, preference 
should be given to a district which has existing facilities for the direction of educational 
and training services in the field of public health and social work for physicians, nurses and 
social workers. 

Of the thirty-one clinic districts of New York City, seven were selected as presenting in 
all probability suitable racial groups for the suggested demonstration; four of these districts 
are located on the East Side of the Borough of Manhattan, two are on the West Side, and 
one in the Borough of the Bronx. Concerning each of these districts exact information 
was obtained as to: 

1. The total population as of January 1, 1920. 

2. The percentage of increase or decrease of the population of the district since the 
Federal Census of 1910. 

3. The density of population per acre. 

4, The percentage of the population of each district recorded as being foreign born in 
the Federal census of 1920. 

5. Of the foreign born population of each district the percentage of each of the important 
foreign nationality groups. 

6. And the percentage of negroes in the population. 

In addition 

7. The crude death rate, 

8. The birth rate, 

9. The infant mortality rate, and 

10. The deaths from tuberculosis were obtained for each district. 
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With regard to the administration of registration and service for the tuberculous, 
11. The number of registered cases of tuberculosis per 100,000 of population, 
12. The ratio of registered cases of tuberculosis to deaths from tuberculosis per annum, 
13. The percentage of registered cases of tuberculosis under medical care, 
14. The percentage of children and adults found to be reported as tuberculous, non- 
tuberculous or undiagnosed among the applicants for tuberculosis clinic care, were obtained 
for each of the districts considered. 


| 
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APPENDIX C 


. Population: 
United States 108 , 500 ,000 
New York City 5,850,000} January 1, 1922 
Test area 
. Expected death rate from all forms of tuberculosis: 
United States 
New York City 
Test area 
. Lives expected to be lost in 1922 from all forms of tuberculosis: 
United States 
New York City 
Test area 
. Estimate of 7 active cases of tuberculosis, all forms, per death from all forms of tuber- 
culosis in 1922: 

United States 

New York City 

Test area 
. 24 years of sickness care needed per each death per annum from all forms of tuberculosis: 
United States 253, 167 
New York City 
Test area 
. Estimated cost of deaths from tuberculosis for entire life span of the entire population: 
United States. (Population X $27 , 125,000,000 
New York City 
Test area 
. Estimated cost of tuberculosis deaths (all forms) for one year of life of those now living: 
United States $521 634,515 a at the rate of $4.81 
New York City 28,125,000.00? per capita of popu- 
Test area 2,403 ,846 .92 } lation 
. Estimated cost of sickness: total deaths X } X $1500: 


United States or at rate of $3.15 per 


capita of population 


or at rate of $7.96 per 


46,952,500)" 


3,978 , 847 
. Estimated per capita loss of all tuberculosis patients annually from all forms of tuber- 
culosis: 
United States 
New York City 
Test area 
. Cost of $3.00 per capita of population per annum for ideal practicable program for 
prevention of tuberculosis: 
United States $325 , 500 ,000 
New York City 17,550,000 
Test area 
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12. Estimated savings as result of 50 per cent reduction in tuberculosis deaths in 1926: 
United States (3 death loss + } sickness cost)..$431, 704,807 .50 
New York City 23,276,250 .00/or $3.98 per capita 
Test area 1,989,423 .50 
13. Proposed cost of preventive service 1922-1926 $3.00 per capita 
Proposed cost of preventive service 1927 $2.75 per capita 
14, Estimated losses which will be incurred on basis of 1921 experience from all forms of 
tuberculosis per capita of population in 1922, $7.96; in 1927, $3.98. 
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A CRITICISM OF RECENT INTERPRETATIONS OF 
ANNULAR SHADOWS IN LUNG 
ROENTGENOGRAMS 


M. P. BURNHAM anp PHILIP KING BROWN 


San Francisco 


In 1919 Sampson, Heise and Brown (1) called attention to certain 
annular shadows seen in roentgenograms and hitherto accepted as con- 
clusive evidence of lung cavitation. In a series of 423 consecutive 
cases, approximately 12 per cent of the ring shadows met with had 
distinctive roentgenographic features as contrasted with the remaining 
annular shadows seen. The centre within the ring in these cases showed 
no rarefaction as compared with the outlying lung field in which the ring 
was found. Even in a few, showing increased density as compared with 
the surrounding lung field, the centres had the linear markings seen in 
lung fields. 

To explain the roentgen characteristics of these annular shadows the 
observers concluded that the ring-shaped shadows were not in the lung 
at all, but in the pleura, and, according to their belief, although nonecropsy 
evidence was furnished, the condition resulted from reaction of the pleura 
following perforation into the pleural cavity of a tuberculous focus. A 
localized pneumothorax having this peculiar ring form resulted. They 
discussed the matter from the standpoint of roentgenographic study, 
physical signs and symptoms, and stressed the fact that many of these 
so called annular pneumothoraces were located in the lung fissures. 
They concluded also that these lesions which they attributed to pleural 
involvement could not be diagnosed clinically. 

Two years later Amberson (2) similarly reviewed 50 annular shadows, 
which he accepted as being annular pneumothoraces as described in the 
article by Sampson, Heise and Brown. Amberson did not think that the 
condition was the result of lungrupture but, ina highly theoretical manner, 
considered the lesion as being the result of pleural disease of unusual type. 
Amberson found a higher percentage than did the authors of the first 
paper and, in one series of 100 consecutive admissions to the Loomis 
Sanatorium, observed these shadows in 20 cases. He called particular 
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attention to the fact that these peculiar roentgen complexes appear and 
increase in size as accompaniments of active or progressive pulmonary 
tuberculosis and that they decrease in size or disappear only after the 
intrapulmonary lesion becomes quiescent or retrogressive. 

We believe that the authors of these papers are wrong, that localized 
pneumothoraces can be recognized as such in the vast majority of cases 
and are obviously pneumothoraces, whether at apex, base or between 
lobes, and that the theories advanced by these authors are interesting but 
wholly unconvincing and unsupported by proof of any kind, and particu- 
larly not by autopsy. Furthermore, all autopsies on known cases of so 
called annular shadows, so far reported (3), have shown that these 
shadows were cavities and the simple device called attention to in this 
paper will prove it in any given case where the shadow is in the lower 
two-thirds of the lung. Still further, we feel that interpretations of 
stereo lung plates, taken in any more than a very small fraction of a 
second, are subject to the criticism that the cycle of heart beat occurring 
frequently in much less than a second prevents any accurate study of 
outlines. In a recent review of 100 consecutive cases seen by us, but 
three such annular shadows with the same density and linear markings 
as presented in surrounding tissue were found, and we will present roent- 
genographic proof that these annular shadows of unusual type are but 
evidence of lung cavitation and cannot by any means be considered as 
lesions of the pleura. Sabourin (4), (5), (6), (7), in several well pre- 
pared articles, describes the interlobular form of encapsulated pneumo- 
thorax. He shows how peripheral lung lesions, when perforating into 
fissures, discharging gas, fluids and products of caseating lung foci, 
spread up and down the fissure in the same manner as would fluid alone 
when found in the fissure. He shows the impossibility, when following 
the laws of fluids in a linear space, for gas to form spherical accumu- 
lations at one point. Under these conditions the nearest approach pos- 
sible to this form of air accumulation would be that of a disc, the prdjec- 
tion of which onto a film in roentgen examination could give an annular 
shadow in only one diameter. 

Our work has been strictly confined to the subject matter of annular 
shadows and does not take into consideration the commonly accepted 
pathology of localized and encapsulated pneumothoraces which occur fre- 
quently and which have definite roentgen appearances, whether forming 
in lung fissure or in general pleural cavity or along mediastinum. 
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Cavity formation, as met with in lung examinations of tuberculous 
persons, is recorded in roentgenograms by a sign complex, the essential 
features of which are (1) more or less well defined ring shaped bands of 
increased density. ‘The bands themselves vary much in both density and 
width, due no doubt to several factors, chiefly acuteness of progress and 
localized reaction of surrounding tissue. Within this ring of increased 
density there is a field of (2) marked diminished density in most cases. 
The reason for rarefaction is, of course, that as most cavities form in the 
apices or, at least, in the upper lobes, any considerable excavation of 
lung tissue there destroys the entire thickness of lung from anterior to 
posterior walls and allows the X-ray to pass through and reach the film 
unabsorbed. Surrounding the ring shadow which itself is the projection 
of the wall of a more or less spherical shaped excavation, the density 
will be that of normal lung or greater, dependent upon the amount of 
tuberculous infiltration present init. This central rarefaction represents 
the lung tissue destruction. (3) Linear markings of lung are not seen. 
Variations in this typical and conmmoly seen sign complex are met 
with. 

Should the cavity be filled with fluid, the central rarefaction will not 
be so well marked as if it were filled with air and, of course, linear 
markings will not be seen within the ring. Should there be a considerable 
amount of pleural thickening adjacent to the lesion, central rarefaction 
will not be as great and, of course, linear markings will be absent. If 
a cavity located in a lung field with a considerable amount of normal or 
infected lung in front or back of it is encountered, the sign complex in the 
roentgenogram of this condition will differ greatly from that of a cavity 
in which the lung is excavated completely from front to back. The 
roentgenogram in this instance will record a ring density; but, due to lung 
tissue lying anterior or posterior to the lung excavation present, the 
rarefied centre will be absent, and the linear markings of interposed lung 
will be seen. The roentgenogram in this case shows the definite cavity 
wall projected in more or less annular form, with no decrease in density 
in the centre as compared with the lung lying outside of the ring, and the 
centre having linear lung markings represents the condition which Samp- 
son, Heise and Brown described. 

In order to make actual roentgenographic proof of location and shape, 
it is obviously impossible to rely only on stereoscopic plates taken in 
anteroposterior direction. Plates taken at right angles to the antero- 
posterior plane, commonly used in making roentgenograms of the thorax, 
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will show the exact position of any distinctive shadow. A sphere pro- 
jected in any diameter will give the same annular outline. Figures 1 
and 2 demonstrate how this has been done in four of our cases, giving the 
typical sign complex to which Sampson, Heise and Brown drew attention, 
and, in making the proof that these shadows are cavities, we have selected 
from among our cases one in which the annular shadow lies in the lower 
lobe posteriorly and below any possible connection with lung fissures. 
The lateral projection of this annular shadow shows it to lie far 
posteriorly, at one point touching the pleural plane at the level of the 
8th rib and space below it, and lying entirely in the lung field. The 
projection of this shadow in the lateral view is of the same annular form 
as in the postero-anterior view. Viewed in the lateral projection, this 
annular shadow is seen to have about two-thirds of the normal lung 
thickness in front of it. Therefore, when projected in a postero-anterior 
plane the cavity has two-thirds of thickness of relatively normal lung 
superimposed onit. By this simple method it is seen why a ring shadow 
with no rarefaction of the centre and with distinct linear markings in the 
centre represents nevertheless a cavity. It also shows how the sign com- 
plex to which Sampson, Heise and Brown drew attention is formed, and 
also how improbable is their interpretation of it. 

Our two years’ study in attempts to shorten our exposures in thorax 
cases has led to the development of a device whereby films of the chest 
are routinely made in 1/40 of a second. Greatly increased detail in 
films has been secured by this cutting down to a minimum the motion 
of lung transmitted to it by both heart and aorta in their cycles occupying 
less than a second of movement. This single factor of rapid exposure 
has facilitated interpretation of doubtful shadows. It is well known 
that in one second exposures, which is the average exposure used in 
making roentgenograms, a great deal of motion is unavoidable and as a 
result much of all fine detail in lesions is lost. Due to this increased 
clearness of detail in our films, we have observed in each one of these 
three cases with annular lesions of unusual type a perfectly definite 
opening of a bronchus into a cavity at or near its lowest point. We have 
asked ourselves whether possibly the element of easy drainage has not 
something to do with the limitation of extent of cavity formation and its 
thin walls. 

One feature upon which both Brown and Amberson lay considerable 
stress, namely, the appearance, enlargement, diminution and disap- 
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pearance of these annular shadows which they considered to be annular 
pneumothoraces, we have found in our work to be equally true of lung 
cavities. Cavities may form rapidly in certain cases, and disappear in 
the same way, as we can show by roentgenograms (fig. 3 and 4). This 
being so, the fact cannot be used as evidence in establishing the character 
of lesions, and obviates the necessity, which both authors have had to 
resort to, of putting lesions in the periphery or in lung fissures which 
roentgenograms taken at right angles show plainly are not so located. 
It is also interesting to note that both these papers make no mention of 
the fact that cavities do undergo the same changes as they observed 
in so called annular pneumothoraces. 

There remains still another method of proof as to what these so called 
annular shadows really are, besides the more perfect stereograms eliminat- 
ing transmitted movements of heart and vessels and the two way outlines, 
both of which have shown in every instance that the shadows meeting 
the description and definition of Brown and others are cavities and not 
localized pneumothoraces. This third method isapplicable and justifiable 
only in unilateral cases and consists in observing the effects of artificial 
pneumothorax on the cavity outlines. This is specially applicable to 
the ring shadows in the upper third of the lung, where the shoulder 
joint and spine prevent the taking of the lateral views. If these shadows 
be pneumothoraces bound by adhesions, it will be made plain when the 
adjacent lung is collapsed. If adhesions hold the entire apex in place 
the outline of shadow or cavity is frequently unaltered. Even the suc- 
cessful but incomplete compression of the lung may not collapse an 
unquestioned cavity on account of the rigidity of the cavity walls. Serial 
plates after the addition of more and more air show two things that are 
significant, namely, a lessening of the size of the cavity or alteration 
of its shape and a change in location, neither of which would take place if 
the outline in question were due to adhesions between lung and wall. 
(See figures 5, 6, 7 and 8.) 

The whole subject is of growing importance, not alone in prognosis but 
in therapy. To counteract the procrastination regarding therapy by 
collapse which must inevitably have followed the articles which called 
forth this protest, will it not be wise to consider all annular shadows as 
cavities, until study by every possible means justifies some other 
interpretation? 
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INTERPRETATION OF ANNULAR SHADOWS 


Fic. 2. LATERAL PLATE OF CASE SHOWN Fic. 3. Cavity OUTLINE 


IN FIGURE 1 


Fic LETE N x MontHS 
G. 4, COMPLETE DISAPPEARANCE, Stx Mont Fic. 5. DECEMBER 24, 1921, Mrs. G., ANNU- 
LATER, OF CAvity OUTLINE 
SEEN IN FIGuRE 3 


LAR OUTLINE BETWEEN THIRD AND 
FourtH Rips, ANTERIORLY, SHOW- 
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Fic. 6. JANUARY 16, 1922, Mrs. G., AFTER 


WG. 7. Mrs. G. 
600 cc, or Am Fic. 7. JANUARY 24, 1922, Mrs. G., AFTER 


Two More AIR INTRODUCTIONS 
ToTALInG 1200 cc. 
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Fic. 8. FEBRUARY 16, 1922, AFTER FURTHER Fic. 9, FEBRUARY 23, 1922: CompLETE COL- 
COLLAPSE LAPSE PREVENTED BY APEX ADHESIONS. 
Cavity OUTLINE MARKEDLY RE- 
DUCED IN SIZE AND SHOWING 
Frum LEVEL 
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A NOTE ON ROENTGENOGRAPHIC PLEURAL ANNULAR 
SHADOWS IN PULMONARY TUBERCULOSIS 


JAMES A. HONEIJ 
Boston, Massachusetts 


Recently I was pleased to receive a reprint from Dr. J. Burns Amber- 
son, Jr., of his excellent article on Roentgenographic Pleural Annular 
Shadows in Pulmonary Tuberculosis (1). Dr. Amberson writes 
excellently on a question that is exceedingly interesting and instructive. 

Dr. Amberson refers to an article by me and presents part of my con- 
clusions. I wish, therefore, to present more fully the points brought out 
in my paper Cavity Formation and Annular Pleural Shadows in Pulmon- 
ary Tuberculosis (2) and the conclusions, inasmuch as I fear that I ap- 
parently did not make myself sutficiently clear or that Dr. Amberson has 
not understood me. 

Dr. Amberson makes the following statement: “The localized pneumo- 
thorax theory has apparently received general credence and Honeij 
- alone has registered himself as a dissenter, offering the explanation that 


Annual shadows are the results of adhesions between the parietal and paren- 
chymal surfaces subsequent to inflammation. Under certain conditions there 
is an oval or circular arrangement of the pleura to the formation of which the 
movement of the lung and thorax contributes, resulting in the formation of a 
central or local pseudo-emphysema. The area around the annular shadow, 
which borders on the shadow, represents the more firmly attached or organized 
pleura. 


“Honeij holds further that these shadows have no relation to pul- 
monary infiltration or softening and breaking down of tisssue. The 
author does not outline the steps by which he arrived at his conclusions.”’ 

In the first place, I would say that the term pseudo-emphysema was 
used as a descriptive term and in no wise modified the conclusion that 
annular shadows were due to pleural inflammation. I think that if the 
articleisread carefully the reader will agree that I lay particular emphasis 
on the changes in the pleura. As to the second part of the quotation that 
these shadows “have no relation to pulmonary infiltration or softening 
and breaking down of tissue,” let me reply by quoting from my article. 
It must also be borne in mind that I was writing from the standpoint of 
cavitation. ‘Annular shadows,” I say, 
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are the result of adhesions between the parietal and parenchymal pleural sur- 
faces subsequent to inflammation. Under certain conditions there is an oval 
or circular arrangement of the pleura to the formation of which the movement 
of the lung and thorax contributes, resulting in the formation of a central or 
local pseudo-emphysema. The area around the annular shadow which borders 
on the shadow represents the more firmly attached or organized pleura. 

: The most important question in the majority of cases is 
whither the lung condition warrants a diagnosis of tuberculosis. If this is 
established, then one must determine whether the disease is sufficiently ad- 
vanced to make the diagnosis of cavity probable. Consequently, the ap- 
pearance of annular shadows in such cases must have a relation to the under- 
lying lung condition. If physical signs are insufficient to establish the diagnosis 
of cavity, the assumption is warranted that the annular shadow is due topleural 
inflammation. From the foregoing it may appear that it is a simple matter 
to differentiate accurately between cavitation and annular shadows, yet this is 
not the case. Size, position, lack of transparency, gradual fading of the 
outer border, evidence of pleurisy, absence of advanced pulmonary changes, 
and so forth, are aids in differential diagnosis but nothing more. 

Just as physical signs disappear in ordinary clinical cases of pleurisy, so in 
the course of a few months annular shadows also may disappear. The ab- 
sence of progressive lung changes in the face of modification in the shadows is 
added proof that the latter are pleural in origin. 

Apical pleural adhesions are, of course, of much greater weight in the diag- 
nosis of pulmonary lymphatic tuberculosis than are similar changes at the base. 
However, the mere presence of an apical annular shadow, although it may be 
due to the same process which occurs frequently at the base, invariably leads 
to a more serious diagnosis than is warranted. If the movement of the lung at 
the apex were as great as at the base (all other conditions being equal), probably 
fewer annular shadows would result from pleural thickening. If tuberculosis 
of the base of the lung occurred more frequently, we would be led, in a large 
number of cases, to a different diagnosis than that of mere pleural thickening. 
On the other hand, if every annular shadow depended on a cavitation in thelung, 
then the frequency of lung cavitation would be increased enormously. Under 
these circumstancess the presence or absence of preceding infiltration is 
unessential. 


Now had Dr. Amberson quoted from my article, correctly placing the 
second quotation before the first there would be little need of discussion, 
as I cannot see that we disagree in principle as to the cause of annular 
shadows. Let me say that the second quotation, ‘‘Honeij holds further 
that these shadows have no relation to pulmonary infiltration or softening 
and breaking down of tissue,”’ follows immediately the heading ‘2. True 
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Annular Shadows. . . . . ” and therefore it precedes the explana- 
tion of the cause of annular shadows. 

In my opinion a true annular shadow once concerned with infiltration 
and softening is no longer strictly speaking an annular shadow, or to 
quote again from my own article, I say, 


These shadows are produced by the pleura. They have no relatioh to pul- 
monary infiltration or softening and breaking down of lung tissue. It is true 
that the two conditions may coexist, but it is equally true that pleural changes 
may be secondary to cavitation, or vice versa. Consequently, if a case is 
presented in which cavitation is accompanied by a pleural annular shadow, it is 
generally impossible to differentiate the two conditions. 


I trust that Dr. Amberson will in no way think I belittle his excellent 
work. I only feel that all quotations from the work of previous inyesti- 
gators should be carefully and accurately quoted. 
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FURTHER STUDIES OF ROENTGENOGRAPHIC PLEURAL 
ANNULAR SHADOWS IN PULMONARY 
TUBERCULOSIS! 


J. BURNS AMBERSON, JR. 


Loomis Sanatorium, Loomis, New York 


In a paper presented before this Association at its last annual meet- 
ing (1), evidence was offered to support the hypothesis that, in a large 
majority of instances, so called roentgenographic pleural annular shadows 
accompanying pulmonary tuberculosis do not represent localized pneumo- 
thoraces secondary to lung rupture but indicate, rather, the presence of 
simple chronic or subacute localized pleurisies with or without localized 
retraction and separation of the pleural layers. Clinically it was shown 
that the shadows develop and enlarge as accompaniments of active 
intrapulmonary disease, and decrease or disappear as the disease becomes 
quiescent or retrogressive. The evidence was based chiefly on the 
factors of location, frequency of incidence and roentgenographic charac- 
teristics of the shadows, related pathological and physical features and 
absence of typical clinical symptoms. Since this time the studies have 
been continued and amplified without discovering any evidence that 
would seem to controvert the hypothesis stated. It has not been pos- 
sible to study the condition postmortem largely for reasons named in 
the original paper. We are able, however, to place on record several 
additional observations that are of some significance. 

The first of these is that we have proved in one case that the fluid 
accompanying the peculiar pleural lesion was of the macroscopic charac- 
ter of an ordinary serous effusion. The roentgenogram showed a large 
annular shadow, in the dependent portion of which a fluid level was noted. 
Shortly afterward artificial pneumothorax was induced on the same 
side by Dr. W. C. Blake of the sanatorium staff. The pneumothorax 
needle was introduced approximately at the lower border of the process 
as localized by stereograms and, on aspiration, about 10 cc. of a clear, 
straw-colored fluid were withdrawn. A subsequent manometric reading 

1 Read before the Clinical Section of the eighteenth annual meeting of the National 


Tuberculosis Association, Washington, D. C., May 6, 1922. 
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recorded an intrapleural pressure of —23 cm. of water, an unusually 
marked negative pressure. Four hundred cubic centimetres of air 
were introduced without difficulty, with a final manometric reading 
of —2,—12. 

In two cases we have observed the development of pleural shadows 
during the reabsorption of homolateral pleuritic effusions. No such 
shadows were seen at these locations in roentgenograms made shortly 
before the appearance of the exudates. Exploratory thoracenteses and 
laboratory studies proved the tuberculous character of the serous fluids. 
About two or three weeks after the effusions started to reabsorb, the 
roentgenograms demonstrated the appearance of a pleural shadow in 
each case; in one the shadow was annular and in the other it was roughly 
triangular. In both instances the shadows disappeared as the pleurisies 
proceeded and continued to heal. These observations tend to strengthen 
the localized pleurisy hypothesis, since the shadows appeared at a stage 
when we know that plastic fibrinous and granulating deposits are com- 
monly found on the pleural surfaces and they disappeared when it could 
be safely assumed that further reabsorption and organization of these 
deposits had taken place. From one point of view it might be argued 
that these were exceptions to the general rule that the shadows develop 
only as accompaniments of active disease, for the pleural lesions here 
were retrogressive; but, in answer to this, it may be emphasized that 
the entire processes were uniquely pleuritic and, as regards intensity, 
bore no close relationship to the homolateral pulmonary lesions, 

Since the publication of the preliminary report of the work of Barlow 
and Thompson (2), in which it is held that pneumothorax is the rule 
rather than the exception in pulmonary tuberculosis we have been even 
more alert in our efforts to detect this condition. Pending the publica- 
tion of their full report one cannot take issue on this point, but there 
are several phases of the problem on which our studies may shed some 
light. These authors found the trachea and mediastinum deviated 
toward the side affected by the presumed small pneumothorax, a finding 
that is contrary to the physical laws usually accepted as governing the 
condition. Barlow and Thompson assume that annular shadows in the 
pleura constitute one of the easily recognized indicating signs of pneumo- 
thorax but, so faras these particular shadows are concerned, we have failed 
to find that deviations of the trachea or mediastinum follow,any such 
tule as that stated. In a group of more than 100 annular shadows>the 
pleural location of which was proved as far as possible by serial stereo- 
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grams, the deviations were directed either toward or away from the 
shadows, depending in almost all cases on the obvious contraction of 
adjacent fibrous tissue. In a number of instances deviation was noted 
only after the annular shadow disappeared, leaving at its site an evident 
thickening of the pleura. 

In this series of cases the physical findings have not coincided with 
those mentioned by Barlow and Thompson. If the annular shadow is 
situated in an interlobar fissure there appear to be no peculiarly typical 
signs, but if it lies in contact with the parietal pleura in an accessible 
region of the chest wall, the character of the signs may be quite notice- 
able. It is doubtful whether there is any definite alteration in voice or 
breath sounds that cannot be explained on other grounds. The most 
striking finding in our experience is the presence of numerous superficial 
rales, most marked directly over the site of the shadow and fading out 
beyond it. The rales are most prominent as the shadow develops and 
enlarges and, in several of our cases, they have entirely disappeared as 
the shadow disappeared. Such findings are directly opposite to those 
reported by the authors cited; they noted a reduction or complete sup- 
pression of rales over the affected area and therefore designated them as 
“partly suppressed rales” or ‘‘collapse rales.” We are not willing, how- 
ever, to draw broad conclusions from our physical examinations until 
our study has been further extended. 

Throughout our series of investigations we have rarely noted clinical 
symptoms, accompanying the development of pleural annular shadows, 
that could be construed as indications of lung rupture. This, together 
with our other observations, compel us to continuein the belief that compli- 
cating pneumothorax is not nearly so common an incident in the course 
of pulmonary tuberculosis as is presumed by a number of recent writers. 


REPLY TO DR. HONEIJ’S COMMENT 


Since this paper was written, Dr. James A. Honeij has very courteously furnished me 
with a copy of the manuscript of his article that appears in this number of the REview.? 
As Dr. Honeij says, we agree in principle that pleural annular shadows are most likely the 
result of simple pleural inflammations. At the same time it is quite evident that we were 
describing details from somewhat different points of view. Dr. Honeij paid particular 
attention to the necessity of differentiating these densities from true cavity shadows, and he 
apparently had this in mind when he stated that pleural shadows “have no relation to pul- 
monary infiltration or softening and breaking down of tissue.” I interpreted this statement 
in its broadest sense and disagreed with it because his qualifying phrases did not bring out 
the point that seems to me most important; namely, that these shadows develop and enlarge 


2 See page 477. 
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as accompaniments of intrapulmonary tuberculosis that is usually active or progressive, and 
diminish in size or disappear when the intrapulmonary disease becomes quiescent or retro- 
gressive. 

Dr. Honeij’s explanation of the mechanism of production of the shadows is not very 
clear to me, and in my first paper on the subject I presented a provisional explanation based 
on well established pathological facts. This, of course, was hypothetical and must remain 
sountil further evidence is assembled. 

Dr. Honeij repeats his statement that, “If physical signs are insufficient to establish 
diagnosis of cavity the assumption is warranted that the annular shadow is due to pleural 
inflammation.” While he mentions the difficulty of differential diagnosis, I would further 
emphasize that the presence or absence of adventitious signs is a very unsafe criterion for 
distinguishing the true nature of the process. A series of roentgenograms made at intervals 
of days, weeks or months is of more value. 

The whole question should remain an open one in order not to discourage further 
investigation. 
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A REPORT OF TWENTY YEARS’ WORK IN THE TREAT- 
MENT OF TUBERCULOSIS AT THE NEW MEXICO 
COTTAGE SANATORIUM 


WITH AN ESTIMATION OF THE PART PLAYED BY CLIMATE 


E. S. BULLOCK ann F. T. FAHLEN 
Silver City, New Mexico 


EXPLANATION OF TABLES AND RECORDS 


This paper is based on the record of cases 1 to 1454 inclusive, treated 
at The New Mexico Cottage Sanatorium, Silver City, New Mexico, 
under the personal supervision of Dr.E.S. Bullock, from 1900 to 1920, 
inclusive, and divided into four periods of five years each, to show whether 
or not results improve with increasing experience and also to exhibit 
more clearly the value of changing methods; for instance, the use of 
tuberculin, applications in laryngeal tuberculosis, etc. All cases not 
included in statistics of results are distinguished by a heavy black line 
in the tabulation. In estimating percentages, fractions are almost 
entirely left out. 

In our records the cases are numbered consecutively, after which the 
age and sex follow, and if there is a history of exposure or delicacy in 
childhood, it is designated by a plus sign. If fever is present on admis- 
sion (99°+ F.) it is shown by a plus sign. The systolic blood pressure 
follows. Elevation of pulse (90 or above at rest) is shown by a plus 
sign. Ifthe hemoglobin is below 80, it is shown by a minus sign; if above, 
byaplus sign. If the general condition is impaired, it is shown by a plus 
sign. Then the Turban classification, applied only to the pulmonary. con- 
dition, is given as I, Zor III. If tubercle bacilli are present in the spu- 
tum, it is shown by a plus sign, andif absent byaminussign. The pres- 
ence of tuberculous complicating lesions is shown under the proper head 
by aplus sign. This is also true of serious nontuberculous complicating 
lesions, syphilis, artificial pneumothorax, tuberculin treated, uncon- 
firmed diagnosis, arrested on admission, spontaneous pneumothorax, 
hemoptysis, etc. The same system is used on discharge with the final 
status indicated by a plus sign under the proper head. If the patient 
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gained in weight, it is shown by a plus sign; if a loss occurred, by a minus 
sign; and by a blank for no change. If treatment is less than a month, 
it is shown by a plus sign. If the temperament favored a good result, 
it is shown by a plus sign, and if unfavorable by a minus sign. The 
same is true of financial condition. If a laryngeal lesion healed, it is 
shown by a plus sign, and if not by a minus sign. The length of treat- 
ment is given in months. If the patient is known to be living, the fact 
is designated by an L; if dead, by a D; and if unknown, bya U. In the 
event of death, the time is given in approximate years if known. 

No attempt is made to classify cases as minimal, moderately advanced, 
or far advanced, with their A, B and C subdivisions, in accordance 
with the National Tuberculosis Association or the American Sanatorium 
Association (though interested persons can do this for themselves); 
for the latter is an attempt to combine intensity with area (which cannot 
be satistactorily done), and again, the personal equation enters to such 
a degree as to make statistics based on it very unconvincing to us. 
The Turban classification is not open to such an objection to any such 
extent. It is based on area only, and can be determined with a high 
degree of accuracy, even without X-ray plates, and when this is combined 
with good diagnostic acumen, it becomes easy to record a case as Turban 
I, I or III. Of course, we understand that there are cases that nothing 
but the X-ray illuminates, but they are very few. (We appreciate that 
a Turban I case can be moderately advanced, etc.) If the area of disease 
and the essential facts regarding any given case are clearly set forth, a 
legitimate conclusion regarding the case can be determined. After all, 
what we are principally aiming at in treatment is the elimination of the 
tubercle bacillus from the sputum, and that can be fixed beyond question. 
We all know that our closed cases do not die. It is upon this supreme 
test that tuberculosis work must stand or fall. 


FIRST PERIOD: 1900 to 1905 


General statistics. ‘This period comprises 116 cases, some of which were 
under Dr. Bullock at St. Joseph’s Sanatorium, Silver City, before the 
New Mexico Cottage Sanatorium was established; but asthey were under 
the same conditions and management they are properly included to make 
the first five year period complete. Of these 116 cases, 33 were under 
treatment less than a month, or the diagnosis was unconfirmed, or they 
were classified as arrested on admission. In other words 28 per cent of 
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all cases admitted should never have come into the institution or have 
been sent away from home. These 33 cases are not included in the analy- 
sis of results. In 4 of the 33, the diagnosis was unconfirmed; 6 died 
before a month elapsed; 2 were arrested on admission; and the remaining 
21 cases were either hopeless types, advised to return home, or cases with 
inadequate resources or unsuitable temperaments. This leaves 83 cases 
to be analyzed for results. Deducting 4 cases in which the diagnosis was 
unconfirmed leaves 112 cases to be analyzed for status on admission. 

Status on admission. Ninety were males and 22 were females, re- 
spectively 80 per cent and 19 percent. Thirty-eight or 33 per cent gave 
a history of exposure in childhood. Twenty-nine or 25 per cent had a 
history of delicacy in childhood; 15 or14 per cent were both exposed and 
delicate; and 60 or 53 per cent were neither. 

Sixty-nine or 61 per cent of the 112 caseshad fever on admission. The 
average systolic blood pressure was 119.5. Ninety-seven or 87 per cent 
had elevation of pulse. Sixty-three or 56 per cent had anemia. Ninety- 
four or 83 per cent had impaired general condition. One hundred and 
four or 92 per cent had tubercle bacilli in the sputum, leaving 8 or 8 
per cent bacilli-free on admission. Three or 2.7 per cent had genito- 
urinary tuberculosis as a complication; 8 or 7.1 per cent had intestinal 
tuberculosis; 20 or 17 per cent had laryngeal tuberculosis; 7 or 6.2 per 
cent had fistula in ano; 14 or 12 per cent had hemoptysis during treat- 
ment. Two or 1.7 per cent had effusion; 17 or 15 per cent had pleurisy. 
Three or 2.7 per cent had otitis media; 2 or 1.7 per cent had miliary 
tuberculosis. There were no cases of meningeal tuberculosis and but 
4 or 3.5 per cent gave a history of syphilis. There was but one case 
of spontaneous pneumothorax. Seventeen or 15 per cent had some seri- 
ous nontuberculous complication. Two or 1.7 per cent developed empy- 
ema. None were treated with tuberculin or artificial pneumothorax. 
The only laryngeal treatment used was voice rest. The average age was 
thirty years and eight months. There were 16 or 14 per cent Turban I 
cases, 29 or 25 per cent Turban II cases, and 67 or 59 per cent Turban 
III cases on admission. 

Results of treatment. There are 83 cases to be analyzed for results. 
In 37 or 40 per cent the general condition was still impaired as compared 
with 83 per cent on admission. In but 2 or 2.6 per cent was there suff- 
cient change in pulmonary status to justify an alterationin the Turban 
classification from worse to better, and in none from better to worse. 


j 

| 
| 


REPORT OF TWENTY YEARS’ WORK 487 


Twenty-seven or 32 per cent were discharged still febrile as compared 
with 61 per cent on admission. The average systolic pressure on dis- 
charge was 122, as compared with 119.5 on admission. In 38 or 45 
per cent there was elevation of pulse, as compared with 87 per cent on 
admission. Eighteen or 21 per cent showed anemia on discharge, as 
compared with 56 per cent on admission. Fifty-four or 65 per cent 
had tubercle bacilli as compared with 92 per cent on admission. 

Results according to stage. Fourteen or 16 per cent of the 83 cases 
were classified as Turban I: of these, 8 or 57 per cent were discharged 
apparently arrested (standard definition of apparent arrest); 4 or 28 
per cent improved; one or 7.1 per cent unimproved; one or 7.1 per cent 
progressive; none dead and none quiescent. 

Twenty-five or 30 per cent were classified as Turban II: of these 
16 or 64 per cent were discharged apparently arrested; 3 or 12 per cent 
quiescent; 2 or 8 per cent improved; 2 or 8 per cent progressive; 2 or 
8 per cent unimproved; none dead. 

Forty-four or 53 per cent were classified as Turban III: of these, one 
or 3 per cent was discharged apparently arrested; 7 or 15 per cent im- 
proved; 12 or 27 per cent quiescent; 15 or 34 per cent progressive; 6 
or 13 per cent unimproved; and 3 or 7 per cent dead. 

Present condition. Of the Turban I cases the present status is 6 
known to be living, and that of the rest unknown. Of the Turban II 
cases, 7 are living, 3 are dead and 15 are unknown. Of the Turban 
III cases only 1 is known to be living, 23 are dead and 20 are unknown. 

Cases with tuberculous complications. Of the 18 cases with compli- 
cating laryngeal tuberculosis, the larynx healed undernotreatment except 
rest of the voice in 9 or 50 per cent. In 9 or 50 per cent this complica- 
tion was stationary or progressive. Of 6 cases with intestinal tuberculo- 
sis, 2 died, 3 were progressive and 1 quiescent with an unknown ulti- 
mate result. There were 3 cases of genitourinary tuberculosis as a 
complication: 2 progressive and 1 improved, but all died within a year 
ortwo. There were 6 cases with fistula in ano: 1 quiescent; 2 improved, 
1 unimproved, and 2 progressive. Hemoptysis occurred in 9 or 10 per 
cent. Of these, 3 were arrested, 2 quiescent, limproved, 2 progressive 
and 1 unimproved. Otitis media occurred in 3 cases: 1 progressive, 
1 unimproved and 1 improved. Of the 17 cases having pleurisy under 
treatment 5 were arrested, 3 quiescent, 1 died, 3 unimproved, 2 pro- 
gressive, and 3 improved. 
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Weight. Fifty-five or 66 per cent gained weight, 17 or 20 percent lost 
weight and 11 or 14 per cent neither gained nor lost. 

Childhood history. Of the 83 cases, 20 or 25 per cent gave a history of 
exposure in childhood. Of these, 3 or 15 per cent were discharged im- 
proved, 2 or 10 per cent unimproved, 3 or 15 per cent were progressive, 
5 or 25 per cent quiescent, 7 or 30 per cent arrested, and none dead. 

Eleven or 13 per cent had a history of delicacy in childhood, and of 
these none were improved, 4 or 36 per cent were unimproved, 2 or 18 
per cent progressive, 2 or 18 per cent quiescent, 2 or 18 per cent arrested, 
and 1 or 9 per cent dead. 

Forty-two or 50 per cent had a history of absence of both exposure and 
delicacy in childhood. Of these, 8 or 19 per cent were discharged im- 
proved, 3 or 7 per cent unimproved, 10 or 23 per cent progressive, 6 or 
14 per cent quiescent, 13 or 30 per cent arrested, and 2 or 4 per cent 
dead. 

Ten or 12 per cent gave a history of both exposure and delicacy. Of 
these 2 or 20 per cent were discharged improved, none unimproved, 
2 or 20 per cent progressive, 3 or 30 per cent quiescent, 3 or 30 per cent 
arrested, and none dead. 

Temperament and financial condition. Of the 83 cases considered on 
discharge in the first period, there were 47 or 56 per cent whose tempera- 
ment and financial condition were both favorable with the following 
results: 3 or 4 per cent were discharged improved; 3 or 4 per cent un- 
improved; 8 or 9 per cent progressive; 9 or 11 per cent quiescent; 21 
or 25 per cent arrested; and 3 or 4 per cent dead. 

In 7 both temperament and financial condition were unfavorable. Of 
these, 3 or 42 per cent were improved, 3 or 42 per cent unimproved, 
none progressive, none quiescent, 1 or 16 per cent arrested, and none 
dead. In 16 the temperament was favorable and the finances un- 
favorable, and of these 5 or 31 per cent were improved, 1 or 7 per cent 
unimproved, 6 or 37 per cent progressive, 3 or 18 per cent quiescent, 1 
or 7 per cent arrested, and none dead. Of those with favorable finances 
and unfavorable temperament, 13 in all, 1 or 8 per cent was discharged 
improved, 3 or 23 per cent unimproved, 3 or 23 per cent progressive, 2 
or 15 per cent quiescent, 3 or 23 per cent arrested and 1 or 8 per cent 
dead. 
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SECOND PERIOD: 1905 to 1910 


General statistics. This period comprises 302 cases, and of these 
59 were under treatment less than a month, or the diagnosis was uncon- 
firmed, or they were classified as arrested on admission. In other words, 
during this period 18 per cent of all admitted patients should never have 
entered the sanatorium or been sent away from home. This is a little 
lower percentage of this type than occurred in the first period in which 
the figure is 28 per cent. These 59 cases are not included in the analysis 
of results. In 12 of the 59 cases the diagnosis was unconfirmed; 6 
died before a month elapsed; 11 were arrested on admission; and the 
rest were either hopeless cases advised to return home or persons with 
inadequate finances or unsuitable temperament. ‘This leaves 243 cases 
to be analyzed for results. Deducting 12 cases, in which the diagnosis 
was unconfirmed, leaves 290 cases to be analyzed for status on admission. 

Status on admission. Two hundred and nineteen were males and 71 
females; respectively 75 and 25 per cent. Sixty-one, or 21 per cent, gave 
a history of exposure in childhood. Seventy-four, or 24 per cent, gave 
a history of delicacy in childhood; 26 or 8 per cent were both exposed and 
delicate; and 172 or 59 per cent were neither. 

Two hundred and two, or 65 per cent, had fever on admission (61 
per cent in the first period). The average systolic pressure was 120.7 
(119.5 in the first period). Two hundred and twenty two, or 75 per 
cent, had elevation of pulse (87 per cent in the first period); 119 or 40 
per cent had anemia (56 per cent in the first period); 199 or 64 per cent 
had impaired general condition (83 per cent in the first period); 259 
or 87 per cent had tubercle bacilli in the sputum (92 per cent in the 
first period). This leaves 13 per cent bacilli-free on admission, Ten or 
3 per cent had intestinal tuberculosis; 6 or 2 per cent had genitourinary 
tuberculosis; 61 or 21 per cent had laryngeal tuberculosis; 9 or 3 per 
cent had fistula in ano; 21 or 7 per cent had hemoptysis under treatment; 
13 or 4 per cent had pleurisy (only 1 had effusion) ; 4 or 1.3 per cent had 
miliary tuberculosis (only 1 had meningeal tuberculosis); 11 or 3 per 
cent had syphilis; and 39 or 13 per cent had some serious nontuberculous 
complication. There was one case of empyema and none of spontaneous 
pneumothorax, but 2 had otitis media. 

One hundred and two or 46 per cent were treated with tuberculin 
(of the 243 cases treated over a month). This period corresponds to 
the era of tuberculin resuscitation which followed the publication~of _ 
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Trudeau’s paper in the American Journal of Medical Sciences in 1907. 
There were no cases treated with artificial pneumothorax. In this 
period Bullock began the use of formalin applications twice daily in 
laryngeal tuberculosis and continued this mode of treatment, with the 
occasional use of the cautery and surgical procedures until the fourth 
period, when it was abandoned for sunlight exposure. 

The average age in the second period was thirty years and eight months, 
the same as the first period. The average length of stay for those re- 
maining over a month was 9.5 months, as compared with 8.8 months in 
the first period. 

There were 57 or 19 per cent Turban I cases, 112 or 40 per cent Turban 
II cases, and 121 or 41 per cent Turban III cases. This shows an in- 
cregse over the first period in the Turban II cases at the expense of the 
other two classes. 

Condition on discharge. There are 243 cases to be analyzed for re- 
sults in this period. In 90 or 37 per cent the general condition was still 
impaired on discharge as compared with 40 per cent in the first period. 
In 12 or 4 per cent there was sufficient change in the pulmonary condition 
to justify a change in the Turban classification from worse to better, and 
in 12 or 4 per cent the status was changed from better to worse. Seventy- 
nine or 32 per cent were discharged still febrile, as compared with 32 
per cent in the first period and 65 per cent on admission. The average 
systolic pressure on discharge was 124.8, as compared with 120.7 on 
admission. In 98 or 39 per cent there was elevation of pulse on dis- 
charge, as compared with 75 per cent on admission and 45 per cent on 
discharge in the first period. Twenty-nine or 11 per cent had anemia, 
as compared with 38 per cent on admission and 21 per cent on discharge 
in the first period. (Hypodermic use of citrate of iron began late in 
this period.) One hundred and sixty-four or 57 per cent had tubercle 
bacilli in the sputum on discharge, as compared with 87 per cent on 
admission, and 65 per cent on discharge in the first period. 

Resulis according to stage. Forty-five or 18 per cent of the cases 
analyzed for results were classified as Turban I, as compared with 16 
per cent in the first period. Of these, 4 or 8 per cent were discharged 
improved, 5 or 11 per cent as unimproved, 1 or 2 per cent progressive, 
9 or 20 per cent quiescent, 26 or 57 per cent apparently arrested, and none 
dead. 

One hundred and one or 41 per cent were classified as Turban II, as 
compared with 30 per cent in the first period. Of these, 39 or 38 per 
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cent were discharged apparently arrested, 17 or 16 per cent improved, 
3 or 3 per cent unimproved, 16 or 16 per cent progressive, 22 or 21 per 
cent quiescent, and 4 or 3 per cent dead. 

Ninety-seven or 40 per cent were classified as Turban III, as compared 
with 53 per cent in the first period. Of these 27 or 27 per cent were dis- 
charged improved, 2 or 2 per cent as unimproved, 27 or 27 per cent pro- 
gressive, 24 or 24 per cent quiescent, 6 or 6 per cent apparently arrested, 
and 11 or 11 per cent dead. 

Weight. One hundred and eighty-eight or 77 per cent gained weight, 
46 or 19 per cent lost weight, and 9 or 4 per cent neither gained nor lost. 

Present condition. The present status of the Turban I cases is 5 
known to be dead, 26 living and 14 unknown. Of the Turban II cases 
15 are dead, 25 living, and 61 are unknown. Of the Turban III cases, 
3 are living, 58 are dead and 36 are unknown. 

Tuberculous complications. There were 52 laryngeal cases. Healing 
occurred in 24 or 43 per cent (formalin applications and rest). In 28 
or 57 per cent the disease of the larynx was either stationary or progres- 
sive. In the first period, with no treatment except rest, 50 per cent 
healed. 

Of the 10 cases with intestinal tuberculosis as a complication, 8 were 
discharged progressive, 1 quiescent and 1 apparently arrested. Of the 
5 cases with complicating genitourinary tuberculosis, 1 died, 2 were 
quiescent, 1 progressive, and 1 improved. Of the 7 cases with fistula in 
ano, 3 were improved, 3 progressive, and 1 quiescent. Hemoptysis 
occurred in 21 or 7 per cent, and of these 3 were discharged apparently 
arrested, 4 improved, 3 quiescent, 8 progressive, and 3 died. There 
were no cases of effusion. Otitis media occurred in but one case and was 
discharged quiescent; miliary tuberculosis in 4 cases; and there was one 
case of meningeal tuberculosis. Pleurisy occurred in 11 cases: 2 un- 
improved, 4 progressive, 1 quiescent, 3 arrested, and 1 dead. There 
were no cases of spontaneous pneumothorax. There was one case of 
empyema discharged quiescent. 

Results of tuberculin treatment. During the second period 102 cases 
were treated with tuberculin. In 28 of those classified as Turban I, 
2 or 7 per cent were improved, 4 or 14 per cent unimproved, 6 or 21 per 
cent quiescent, 15 or 53 per cent apparently arrested, none dead, and 1 
or 3.5 per cent progressive. (Observe how closely this corresponds to 
results in the same class in the first period in which no tuberculin was 
used.) In those classified as Turban II (55 cases), 8 or 14 per cent were 
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discharged improved, 1 or 6 per cent as unimproved, 11 or 20 per cent 
quiescent, 25 or 46 per cent apparently arrested, 10 or 18 per cent pro- 
gressive, and none dead. In those classified as Turban III (19 cases), 
2 or 11 per cent were improved, 9 or 50 per cent quiescent, 2 or 11 per 
cent died, 5 or 23 per cent progressive, none unimproved, and 1 or 4 
per cent apparently arrested. Without tuberculin there were 17 Tur- 
banI cases. Of these, 11 or 64 per cent were apparently arrested, 2 or 12 
per cent improved, none progressive, 3 or 17 per cent quiescent, none 
died, and 1 or 6 per cent unimproved. There were 46 Turban II cases, 
of which 14 or 30 per cent were apparently arrested, 9 or 20 per cent 
improved, 2 or 4 per cent unimproved, 12 or 24 per cent quiescent, 7 
or 15 per cent progressive, and 3 or 7 per cent died. There were 78 
Turban III cases, of which 5 or 6 per cent were apparently arrested, 
25 or 32 per cent improved, 2 or 3 per cent unimproved, 15 or 19 per 
cent quiescent, 22 or 28 per cent progressive, and 9 or 12 per cent died. 
In fairness, these 9 dead should be eliminated in a comparison between 
treated and untreated cases, for they were all bad cases which no one 
would think of giving tuberculin. 

Childhood history. Of 243 cases, considered for status on discharge, 
30 or 12 per cent had a history of exposure in childhood, and of these 7 
or 23 per cent were discharged improved, none unimproved, 4 or 13 per 
- cent progressive, 8 or 26 per cent quiescent, 9 or 30 per cent arrested, and 
2 or 7 per cent dead. 

Thirty-nine or 16 per cent were delicate in childhood, and of these 10 
or 25 per cent were discharged improved, 4 or 10 per cent unimproved, 
5 or 13 per cent progressive, 8 or 20 per cent quiescent, 10 or 25 per 
cent arrested, and 2 or 4 per cent dead. 

One hundred and fifty-five or 63 per cent were neither delicate nor 
exposed. Of these 26 or 16 per cent were discharged improved, 5 or 
4 per cent unimproved, 32 or 20 per cent progressive, 35 or 22 per cent 
quiescent, 49 or 31 per cent arrested, and 8 or 6 per cent dead. : 

Nineteen-or 7 per cent were both exposed and delicate. Of these, 5 
or 26 per cent were improved, 1 or 5 per cent unimproved, 4 or 20 per 
cent progressive, 4 or 20 per cent quiescent, 3 or 15 per cent arrested, 
and 2 or 10 per cent dead. 

Temperament and financial condition. One hundred and_ twenty- 
three or 50 per cent presented both favorable temperament and financial 
condition. Of these 10 or 8 per cent were discharged improved, 2 or 
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4 per cent unimproved, 30 or 24 per cent progressive, 18 or 14 per cent 
quiescent, 52 or 42 per cent arrested, and 11 or 8 per cent dead. 

Ten or 4 per cent presented both unfavorable temperament and fi- 
nances. Of these 3 or 30 per cent were discharged improved, 2 or 20 
per cent unimproved, 1 or 10 per cent progressive, 2 or 20 per cent 
quiescent, 2 or 20 per cent arrested, and none dead. 

Fifty-six or 23 per cent presented a favorable temperament but 
unfavorable finances. Of these 18 or 32 per cent were discharged 
improved, none unimproved, 8 or 14 per cent progressive, 22 or 39 per 
cent quiescent, 6 or 10 per cent arrested, and 2 or 3 per cent dead. 

Fifty-four or 23 per cent presented an unfavorable temperament with 
favorable finances. Of these 17 or 31 per cent were discharged improved, 
6 or 11 per cent unimproved, 6 or 11 per cent progressive, 13 or 24 per 
cent quiescent, 11 or 20 per cent arrested, and 1 or 2 per cent dead. 


THIRD PERIOD: 1910 to 1915 


General statistics. This period comprises 467 cases, of which 107 were 
under treatment less than a month or the diagnosis was unconfirmed, 
or classified as arrested on admission. In other words, 22 per cent of 
the cases admitted should never have entered the sanatorium or been 
sent away from home. These 107 cases are not included in the analysis 
of results. In 12 of the 107 the diagnosis was unconfirmed, 14 died 
before a month elapsed, and 26 were arrested on admission. The re- 
mainder were either hopeless types advised to return home or persons 
with unfavorable temperament or inadequate finances. This leaves 
360 cases to be analyzed for results, though a further reduction is made 
by taking out 35 cases, treated by means of artificial pneumothorax 
(all cases in which it was tried or was successful) ; for it is not considered 
that these cases which are in a class by themselves should be included 
in an attempt to evaluate climate in tuberculosis. This leaves 325 
cases to be analyzed for results. This period is of special interest, 
for it not only marked the beginning of artificial pneumothorax, but 
was also an epoch in the work when Bullock applied tuberculin very 
generally in an attempt to discover its actions and uses. 

Status on admission. In considering status on admission, there were 
467 cases, less 12 in which the diagnosis was unconfirmed, leaving 455. 
Of these, 326 were males and 129 females, or 64 per cent and 36 per cent 
respectively. 
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One hundred and twelve or 24 per cent gave a history of exposure in 
childhood, 82 or 17 per cent delicacy in childhood, 26 or 5 per cent 
both exposure and delicacy, and 261 or 57 per cent neither,—about the 
same percentages as in the first and second periods. 

Three hundred and nine or 65 per cent had fever on admission (61 
per cent in the first and 65 per cent in the second period). The average 
systolic pressure was 123.4 (119.5 in the first and 120.7 in the second 
period). Three hundred and thirty-two or 72 per cent had elevation 
of pulse (87 per cent in the first and 75 per cent in the second period); 
102 or 21 per cent had anemia (56 in the first and 40 per cent in the 
second period); 279 or 61 per cent had impaired general condition (83 
per cent in the first and 64 per cent in the second period) ; 407 or 89 per 
cent had tubercle bacilli in the sputum (92 per cent in the first and 87 per 
cent in the second period); 48 or 10 per cent were bacilli-free on admis- 
sion; 14 or 3 per cent had intestinal tuberculosis; 6 or 1 per cent had 
genitourinary tuberculosis; 90 or 19 per cent had laryngeal tuberculosis; 
8 or 2 per cent had fistula in ano; 44 or 9 per cent had hemoptysis under 
treatment; 22 or 4 per cent had pleurisy under treatment; 14 or 3 per 
cent had effusion; 6 or 1 per cent had otitis media; there was 1 case 
of miliary tuberculosis or one-eighth of 1 per cent; 2 of meningeal tu- 
berculosis or one-fourth of 1 per cent; 23 or 4 per cent had syphilis; 
41 or 9 per cent had some serious nontuberculous complication; and 10 
or 2 per cent had spontaneous pneumothorax. There was but one case 
of empyema. 

Two hundred and twenty-four or 49 per cent were treated with tu- 
berculin. The average age in the third period was thirty years and eight 
months (same for all three periods.) The average period of treatment 
for those remaining over a month was 10.5 months, as compared with 
8.8 months in the first period and 9.5 in the second. 

There were 70 or 15 per cent Turban I cases, 185 or 40 per cent Turban 
II cases; and 200 or 45 per cent Turban III cases. These percentages 
are practically the same as in the second period, but show some improve- 
ment in favorable types over the first. 

Condition on discharge. In the third period, there were 325 cases to 
be analyzed for results. In 104 or 32 per cent the general condition was 
still impaired on discharge (44 per cent in the first and 37 per cent in 
the second). In 37 or 10 per cent there was sufficient change in pulmon- 
ary status to justify an alteration in the Turban classification from worse 
to better, and in 13 or 4 per cent from better to worse. One hundred 
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and nine or 33 per cent were discharged febrile, as compared with 32 
per cent in the first and second periods, and 65 per cent on admission in 
all three periods. The percentage losing fever was constant for the three 
periods. The average systolic pressure on discharge was 124, as com- 
pared with 123.4 on admission. In 113 or 32 per cent there was eleva- 
tion of pulse on discharge, as compared with 72 per cent on admission, 
and 45 per cent on discharge in the first period and 39 per cent in the 
second. Eleven or 3 per cent had anemia on discharge as compared with 
21 per cent on admission, and 21 per cent on discharge in the first period 
and 11 per cent in the second period. The practically normal hemo- 
globin in this period is explained by the hypodermic use of citrate of 
iron. Two hundred and twenty-two or 69 per cent had tubercle bacilli 
on discharge, as compared with 65 per cent in the first and 67 per cent in 
the second period, and 89 per cent on admission in this period. In other 
words, as regards the percentage losing tubercle bacilli in all three 
periods, the results are practically constant. The free use of tuberculin 
in the third period certainly did not increase the percentage discharged 
bacilli-free. 

In 259 or 78 per cent the temperament favored a good result, and in 
66 or 22 per cent it was opposed to a good result. In 180 or 55 per 
cent the financial condition favored and in 145 or 45 per cent was op- 
posed to a good result. In 470 or 52 per cent both temperament and 
financial condition favored a good result, and in 11 or 3 per cent they 
were opposed to a good result. 

Results according to stage. Forty-eight or 15 per cent were classified 
as Turban I, about the same as in the first and second periods. Of these, 
1 or 2 per cent was discharged improved, 2 or 4 per cent unimproved, 
3 or 5 per cent progressive, 5 or 10 per cent quiescent, 37 or 77 per cent 
apparently arrested, and none dead. Comparison of the Turban I 
cases of the third period with those of the first and second shows a dis- 
tinct gain in the percentage of apparently arrested. 

One hundred and forty or 43 per cent were classified as Turban II. 
Of these, 10 or 7 per cent were improved, 4 or 2 per cent unimproved, 23 
or 16 per cent progressive, 42 or 29 per cent quiescent, 55 or 40 per cent 
apparently arrested, and 6 or 4 per cent dead. 

One hundred and thirty-seven or 42 per cent were classified as Turban 
III. Of these 28 or 20 per cent were discharged improved. 8 or 5 per 
cent unimproved, 43 or 31 per cent progressive, 31 or 23 per cent quies- 
cent, 10 or 7 per cent apparently arrested, and 17 or 12 per cent dead. 
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Weight. In the third period 224 or 68 per cent gained weight, 68 or 
21 per cent lost weight, and 33 or 11 per cent neither gained nor lost. 

Present condition. The present status of the Turban I cases is 16 
living, 3 dead, and 29 unknown. Of the Turban II cases 34 are living, 
23 dead, and 83 unknown. Of the Turban III cases 6 are living, 39 
dead and 92 unknown. 

Tuberculous complications. Of the 12 cases with intestinal tuberculo- 
sis treated more than a month, none were discharged ‘improved, 1 un- 
improved, 4 progressive, 3 quiescent, 1 apparently arrested, and 3 dead. 
Of the 4 cases with genitourinary tuberculosis, 1 was quiescent, 1 ap- 
parently arrested, and 2 died. Of the laryngeal cases, in 33 the larynx 
healed, and in 34 it was progressive or stationary. (Regardless of the 
mode of treatment observe how much alike the results of treatment of 
this complication are: 56 per cent healed in the first period, 46 per cent 
in the second and 49 per cent in the third.) Of the 17 cases with fistula 
in ano, 12 were progressive, 3 quiescent, 1 apparently arrested, and 1 
died. Of the 24 cases having hemoptysis under treatment, 2 were 
improved, 3 unimproved, 4 progressive and 15 died. Of the cases 
developing effusion, 3 were progressive, 3 quiescent, 3 apparently ar- 
rested, and 3 died. Of the 6 cases with otitis media, 2 were improved, 
2 unimproved, 1 progressive, and 1 quiescent. Of the 14 cases having 
pleurisy, 2 were unimproved, 2 ‘progressive, 4 quiescent, 3 arrested, and 
2 died. There was but 1 case of miliary tuberculosis and 3 of meningeal 
tuberculosis. There were 8 cases of spontaneous pneumothorax, 5 
of which were discharged progressive, 1 improved, and 1 quiescent. 
There were no cases of empyema. 

Artificial pneumothorax. In the third period there were 35 cases 
treated by artificial pneumothorax, that is, both attempted and success- 
ful. One was a Turban I case with improvement and adequate com- 
pression. There were 13 Turban II cases. In 3 compression was im- 
possible and, deducting these, gives the following result: apparently 
arrested, 2 or 20 per cent; quiescent, 3 or 30 per cent; improved, none; 
progressive, 3 or 30 per cent; died 1 or 10 per cent; unimproved, 1 or 10 
per cent. There were 21 Turban III cases and, deducting 5 in which 
compression was impossible and 1 in which it was relative, gives the 
following result: apparently arrested, 7 or 45 per cent; improved, 1 or 
7 per cent; unimproved, 1 or 7 per cent; progressive, 2 or 14 per cent; 
died, 4 or 28 per cent. Four of those with a successful compression are 
known to be living, 3 are dead and the others are unknown. 
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Childhood history. Sixty-six or 20 per cent of the 325 cases presented 
a history of exposure in childhood, and of these 8 or 13 per cent were 
discharged improved, 8 or 13 per cent unimproved, 13 or 19 per cent 
progressive, 17 or 26 per cent quiescent, 15 or 23 per cent arrested, and 
5 or 7 per cent dead. 

Thirty-six or 11 per cent had a history of delicacy in childhood, 
and of these 4 or 11 per cent were discharged improved, 1 or 3 per cent 
unimproved, 8 or 22 per cent progressive, 12 or 33 per cent quiescent, 
10 or 27 per cent arrested and 1 or 3 per cent dead. 

Two hundred and eight or 64 per cent were neither exposed nor delicate, 
and of these 24 or 11 per cent were discharged improved, 5 or 2.8 per 
cent unimproved, 45 or 21 per cent progressive, 44 or 21 per cent quies- 
cent, 74 or 35 per cent arrested, and 16 or 7 per cent dead. 

Fifteen or 4 per cent were both exposed and delicate, and of these 2 or 
13 per cent were discharged improved, none unimproved, 3 or 20 per 
cent progressive, 5 or 33 per cent quiescent, 4 or 26 per cent arrested, and 
1 or 6 per cent dead. 

Tuberculin treatment. Of the 325 cases, 196 were treated with tu- 
berculin, and of these 39 or 18 per cent were classified as Turban I with 
the following results: 1 or 3 per cent was discharged improved, 2 or 6 
per cent unimproved, 2 or 6 per cent progressive, 4 or 11 per cent quies- 
cent, 30 or 72 per cent apparently arrested, and none dead. 

One hundred and two or 52 per cent were classified as Turban II. 
Four or 4 per cent were improved, 2 or 2 per cent unimproved, 16 or 15 
per cent progressive, 32 or 31 per cent quiescent, 46 or 45 per cent ap- 
parently arrested, and 2 or 2 per cent dead. 

Fifty-five or 30 per cent were classified as Turban III. Eight or 14 
per cent were improved, 4 or 7 per cent unimproved, 16 or 29 per cent 
progressive, 18 or 32 per cent quiescent, 6 or 12 per cent apparently ar- 
rested, and 3 or 5 per cent dead. 

Of those not treated with tuberculin, 129 cases, the results were as 
follows: 

Nine or 8 per cent were classified as Turban I: none was improved, 
none was unimproved, 1 or 11 per cent was progressive, 1 or 11 per 
cent quiescent, 7 or 77 per cent apparently arrested, and none died. 

There were 38 or 29 per cent Turban II cases: 6 or 14 per cent were 
discharged improved, 2 or 5 per cent unimproved, 7 or 18 per cent pro- 
gressive, 10 or 26 per cent quiescent, 9 or 23 per cent apparently arrested, 
and 4 or 10 per cent died. 
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There were 82 or 63 per cent Turban III cases: 20 or 24 per cent were 
improved, 3 or 4 per cent unimproved, 27 or 32 per cent progressive, 14 
or 17 per cent quiescent, 4 or 6 per cent apparently arrested, and 14 or 17 
per cent died. 

Temperament and financial condition. Of the 325 cases, 170 or 52 
per cent presented both favorable temperament and financial condition, 
and of these 10 or 5 per cent were discharged improved, 1 or 1 per cent 
unimproved, 40 or 23 per cent progressive, 26 or 15 per cent quiescent, 
73 or 42 per cent apparently arrested, and 20 or 11 per cent dead. 

Eighty-nine or 27 per cent presented a favorable temperament with 
unfavorable finances, and of these 17 or 19 per cent were discharged im- 
proved, 5 or 6 per cent unimproved, 13 or 15 per cent progressive, 37 or 
41 per cent quiescent, 16 or 17 per cent arrested, and 1 or 1 per cent 
dead. 

Fifty-four or 16 per cent presented favorable finances with unfavorable 
temperament, and of these 11 or 20 per cent were discharged improved, 
4 or 8 per cent unimproved, 13 or 24 per cent progressive, 11 or 20 per 
cent quiescent, 13 or 24 per cent arrested, and 2 or 4 per cent dead. 

Twelve or 5 per cent had both unfavorable temperament and financial 
condition, and of these 1 or 8 per cent was discharged improved, 3 or 25 
per cent unimproved, 3 or 25 per cent progressive, 5 or 41 per cent 
quiescent, none arrested, and none dead. 


FOURTH PERIOD: 1915 to 1920 


Before taking the statistics from this period, it should be observed that 
Bullock was away during almost two years of this time, and, therefore, 
as the institution was left in inexperienced hands, we are inclined to 
anticipate that there will be a falling off in the average length of stay and 
consequently in the results. It should also be noted that during this 
period tuberculin was reserved more and more for those patients who 
seemed to get better up to a certain point and then stop. In this period, 
also, we began the treatment of laryngeal tuberculosis exclusively by 
means of rest and sunlight exposure. 

General statistics. This period comprises 569 cases. Of these, 209 
were under treatment less than a month, or the diagnosis was unconfirmed 
or classified as arrested on admission. In other words, 34 per cent of 
all cases admitted should never have entered the sanatorium or been 
sent away from home. This is the largest percentage of this class so far. 
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These 209 cases are not included in the analysis of results. There are 
also 38 cases of artificial pneumothorax, which will be analyzed separately 
and not included in the analysis of results. This leaves 322 cases to be 
analyzed for results, practically the same number as in the previous 
period. Twenty-six of the 209 excluded cases died in less than a month: 
in 35 the diagnosis was unconfirmed; in 37 the condition was arrested on 
admission. ‘The remaining 111 cases were either hopeless types advised 
to return home, or persons with inadequate finances or unfavorable 
temperament. 

Status on admission. In considering status on admission, there were 
569 cases minus 35 in which the diagnosis was unconfirmed, leaving 534 
cases to be analyzed. Of these 360 were males and 174 females, re- 
spectively 69 per cent and 31 per cent, or practically the same as in the 
previous periods. One hundred and fifty or 34 per cent gave a history 
of exposure in childhood; 124 or 20 per cent of delicacy in childhood; 
41 or 7 per cent of both exposure and delicacy; and 313 or 58 per cent of 
neither, which are about the same percentages as in previous periods. 

Three hundred and thirty-nine or 63 per cent had fever on admission; 
just about the same as in previous periods. The average systolic pres- 
sure was 118 (first period 119.5, second 120.7, third 123.4). Three 
hundred and seventy or 69 per cent had elevation of pulse (first period 
87 per cent, second period 75 per cent, third 72 per cent). Two hundred 
and forty-five or 46 per cent had anemia on admission (first period 56 
per cent, second 38 per cent, third 21 per cent). Four hundred and 
seven or 76 per cent had impaired general condition (first period 83 per 
cent, second 64 per cent, third 61 per cent). Four hundred and sixty- 
four or 86 per cent had tubercle bacilli in the sputum (first period 92 
per cent, second 87 per cent, third 89 per cent). Seventy or 11 per cent 
were bacilli-free on admission. 

Fourteen or 2 per cent had intestinal tuberculosis; 11 or 1.5 per cent, 
genitourinary tuberculosis; 61 or 11 per cent, laryngeal tuberculosis; 
5 or 0.6 per cent, fistula in ano; 21 or 3 per cent, hemoptysis under treat- 
ment; 14 or 2 per cent pleurisy; 14 or 2 per cent effusion; and 5 or 0.6 
per cent, otitis media. There were 2 cases of miliary tuberculosis; 
5 or 0.6 per cent of meningeal tuberculosis; 18 or 3 per cent of syphilis; 
43 or 8 per cent of some serious nontuberculous complication; 9 or 1.3 
per cent of spontaneous pneumothorax; and 5 or 0.6 per cent of empyema. 
Fifty-four or 9 per cent were treated with tuberculin. 
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The average age in the fourth period was thirty-one years and seven 
months, a little older than the previous periods due to the admission of 
three or four very old people. The average length of treatment for 
those remaining over a month was 7.9 months, which is the shortest 
period of all. 

There were 90 or 17 per cent Turban I cases, 156 or 29 per cent Turban 
II cases, and 288 or 53 per cent Turban III cases, showing a loss of favor- 
able types to a small degree. 

Condition on discharge. In the fourth period, there were 322 cases to 
be analyzed for results. In 103 or 32 per cent the general condition was 
still impaired on discharge, which is the same as in the third period: 
it was 44 per cent in the first period and 35 per cent in the second. In 
32 or 10 per cent there was sufficient change in pulmonary condition to 
justify an alteration of the Turban classification from worse to better, 
and in 10 or 3 per cent from better to worse. This is about the same as 
in the third period, but registers a larger percentage of changes than 
the first and second periods. It is very exceptional for a patient to be 
under observation long enough to show much change in the Turban classi- 
fication. Eighty-four or 26 per cent were discharged febrile, as compared 
with 32 per cent in the first and second periods, and 33 per cent in the 
third, and 63 per cent on admission, and 65 per cent on admission in 
the other three periods. The average systolic pressure was 120.4 as 
compared with 118 on admission. In 90 or 28 per cent there was eleva- 
tion of pulse on discharge as compared with 69 per cent on admission (45 
per cent on discharge in the first period, 39 per cent in the second and 
32 per cent in the third). Twenty-eight or 8 per cent had anemia on 
discharge as compared with 46 per cent on admission (21 per cent on dis- 
charge in the first period, 11 per cent in the second and 3 per cent in the 
third). | 

In 211 or 65 per cent tubercle bacilli were present on discharge as 
compared with 86 per cent on admission (65 per cent in the first on dis- 
charge, 66 per cent in the second, and 69 per cent in the third). The 
percentage losing tubercle bacilli is very constant. 

Results according to stage. Fifty-one or 15 per cent were classified as 
Turban I. (This percentage is constant for all periods.) Of these, 
3 or 5 per cent were improved, 5 or 9 per cent unimproved, 2 or 3 per 
cent progressive, 10 or 19 per cent quiescent, 31 or 60 per cent apparently 
arrested, and none dead. 
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One hundred and nineteen or 36 per cent were classified as Turban 
II. Of these, 4 or 4 per cent were improved, 6 or 6 per cent unimproved, 
7 or 7 per cent progressive, 48 or 40 per cent quiescent, 53 or 42 per cent 
apparently arrested, and 1 or 0.6 per cent dead. 

One hundred and fifty-two or 47 per cent were classified as Turban 
III. Of these, 19 or 12 per cent were discharged improved, 7 or 6 per 
cent unimproved, 42 or 28 per cent progressive, 47 or 30 per cent quies- 
cent, 17 or 11 per cent apparently arrested, and 20 or 13 per cent dead. 

Weight. In the fourth period 218 or 67 per cent gained weight (same 
percentage for all periods), 61 or 18 per cent lost weight, and 43 or 10 
per cent neither gained nor lost. 

Present condition. The present status of the Turban I cases is 28 
living, 1 dead, and 21 unknown. Of the Turban II cases, 51 are liv- 
ing, 7 dead, and 61 unknown. Of the Turban III cases, 25 are living, 47 
dead, and 80 unknown. 

Tuberculous complications. Of the 14 cases with intestinal tuberculo- 
sis, 1 was discharged unimproved, 8 progressive, 1 quiescent, 1 apparently 
arrested, and 3 died. Of the 9 cases with genitourinary tuberculosis, 
4 were unimproved, 3 progressive, 1 apparently arrested, and 1 died. 
In the cases with laryngeal tuberculosis, 20 or 58 per cent healed and in 
14 or 42 per cent the lesion was stationary or progressive. For the 
first time we see an improvement in laryngeal results and this may be 
due to sunlight treatment. Of the 5 cases with fistula in ano, 1 was 
improved, 1 progressive, 2 quiescent, and 1 apparently arrested. In 
the 19 cases with hemoptysis under treatment, 1 was improved, 8 
quiescent, 5 apparently arrested, and 5 died as a direct result of the hemor- 
thage. Of the cases with simple effusion, 2 were improved, 2 unimproved, 
4 progressive, 2 quiescent and 5 apparently arrested. Of the cases with 
otitis media, 2 were improved, 2 quiescent and 2 died. Of the 11 cases 
with pleurisy, 2 were improved, 2 unimproved, 1 progressive, 2 quies- 
sent, 4 arrested, and nonedied. The percentages having meningeal tu- 
berculosis, miliary tuberculosis and spontaneous pneumothorax are the 
same as in the previous period. 

Artificial pneumothorax. In the fourth period there were 38 cases 
treated with artificial pneumothorax. In one Turban I case the com- 
pression was adequate and the result quiescent. There were 5 Turban 
II cases. The degree of compression was adequate in 3, in 2 of which 
the status on discharge was progressive and in 1 quiescent. In 2 cases 
compression was relative and the result death. There were 33 Turban 
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III cases, in which compression was either attempted or used. In 
20 the compression was adequate with the following results: 1 improved, 
1 unimproved, 4 progressive, 4 quiescent, 6 apparently arrested , and 4 
dead. In 5 the compression was relative with the following results: 
3 progressive, 1 apparently arrested, 1 died. In 8 cases compression 
was impossible, that is, in 20 per cent. Of these compression cases, 18 
are known to be living, 16 dead, and 5 unknown. 

When compression succeeds, the results are so dramatic that it over- 
shadows the failures in one’s mind and memory; but in judging this 
procedure, it should be recalled that it is reserved for bad and progressive 
cases only and on account of its unfortunate hazard can wisely be em- 
ployed only in such. 

Childhood history. There were 67 cases or 23 per cent in which there 
was a history of exposure in childhood, and of these 3 or 4 per cent were 
improved, 7 or 8 per cent unimproved, 6 or 9 per cent progressive, 25 or 
38 per cent quiescent, 18 or 23 per cent arrested, and:8 or 11 per cent 
dead. : 

There were 40 cases or 14 per cent with history of delicacy in childhood, 
and of these 4 or 10 per cent were improved, 4 or 10 per cent unimproved, 
9 or 23 per cent progressive, 11 or 27 per cent quiescent, 10 or 25 per cent 
arrested, and 2 or 5 per cent dead. 

There were 189 cases or 59 per cent which were neither exposed nor 
delicate, and of these 19 or 10 per cent were improved, 7 or 3 per cent 
unimproved, 33 or 17 per cent progressive, 55 or 29 per cent quiescent, 
64 or 33 per cent arrested, and 11 or 5 per cent dead. 

There were 26 cases or 8 per cent with a history of both exposure and 
delicacy, and of these none were improved, none unimproved, 3 or 11 
per cent progressive, 13 or 50 per cent quiescent, 9 or 34 per cent arrested, 
and 1 or 4 per cent dead. 

Temperament and financtal condition. There were 149 cases or 46 per 
cent in which both temperament and finances were favorable, and of 
these 4 or 3 per cent were improved, 3 or 2 per cent unimproved, 23 or 
16 per cent progressive, 35 or 23 per cent quiescent, 66 or 44 per cent 
arrested, and 18 or 12 per cent dead. 

There were 88 cases or 27 per cent in which the temperament was 
favorable and the fmances unfavorable, and of these 12 or 12 per cent were 
improved, 5 or 7 per cent unimproved, 12 or 12 per cent progressive, 
35.or 40 per cent quiescent, 22 or 25 per cent arrested, and 2 or 4 per cent 
dead. 
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Of the 66 cases or 20 per cent.in which the temperament was unfavor- 
able and the finances favorable, 7 or 10 per cent were improved, 5 or 
7 per cent unimproved, 15 or 22 per cent progressive, 27 or 40 per cent 
quiescent, 11 or 16 per cent arrested, and 1 or 2 per cent dead. 

There were 19 cases or 5 per cent in which both temperament and 
finances were unfavorable and of these 2 or 10 per cent were improved, 
7 or 36 per cent unimproved, 1 or 5 per cent progressive, 7 or 36 per 
cent quiescent, 2 or 10 per cent arrested, and none dead. 

Tuberculin treatment. There were 45 cases or 14 per cent treated with 
tuberculin. Thirteen or 28 per cent were classified as Turban I, and of 
these 1 or 7 per cent was improved, 1 or 7 per cent unimproved, 1 or 
7 per cent progressive, 3 or 23 per cent quiescent, 7 or 54 per cent ar- 
rested, and none dead. 

Twenty-eight or 62 per cent were classified as Turban II, and of these 
none was improved, 2 or 7.5 per cent unimproved, 2 or 7.5 per cent pro- 
gressive, 10 or 35 per cent quiescent, 14 or 50 per cent arrested, and none 
dead. 

Four or 8 per cerit were classified as Turban III, and of these none was 
improved, none unimproved, none progressive, 2 or 50 per cent quies- 
cent, 1 or 25 per cent arrested, and 1 or 25 per cent dead. 

Results without tuberculin. There were 277 cases or 86 per cent treated 
without tuberculin. Thirty-six or 12 per cent were classified as Turban 
I, and of these 2 or 5 percent were improved, 2 or 5 percentunimproved, 
1 or 2.5 per cent progressive, 8 or 22 per cent quiescent, 23 or 63 per cent 
arrested, and none dead. 

There were 91 cases or 32 per cent classified as Turban II, and of these 
4 or 4 per cent were improved, 5 or 6 per cent unimproved, 5 or 6 per 
cent progressive, 35 or 37 per cent quiescent, 40 or 44 per cent arrested, 
and 2 or 2 per cent dead. 

There were 150 cases or 53 per cent classified as Turban III, and of 
these 19 or 12 per cent were improved, 7 or 4 per cent unimproved, 41 
or 27 per cent progressive, 49 or 32 per cent quiescent, 17 or 11 per cent ‘ 
arrested, and 17 or 11 per cent dead. 


ALL PERIODS: 1900 to 1920 


General statistics. Our twenty years’ work comprises 1454 finished 
cases, of which 408 were under treatment less than a month or the diag- 
nosis was unconfirmed or classified as arrested on admission. In other 
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words 24 per cent of all cases admitted from 1900 to 1920 should never 
have entered the institution or been sent away from home. These 
408 cases are not included in the analysis of results. There were 73 
cases treated by artificial pneumothorax which are analyzed separately 
and not included in the analysis. This leaves 973 cases to be analyzed 
for results. In 63 cases the diagnosis was not confirmed; 76 were ar- 
rested on admission. The remaining 296 cases were hopeless types 
advised to return home, or persons with inadequate finances or unfavor- 
able temperament. 

Status on admission. For consideration of status on admission there 
are 1391 cases, those with unconfirmed diagnosis having been excluded 
from the total number. Of these, 995 were males and 396 females, 79 
per cent and 21 per cent respectively. 

In 361 or 25 per cent there was a history of exposure in childhood; 
in 309 or 22 per cent there was a history of delicacy in childhood. One 
hundred and eight or 7 per cent had both and 806 or 57 per cent had 
neither. 

One thousand and nine or 72 per cent had fever on admission. The 
average systolic pressure was 120.4, which is normal for young adults; 
1021 or 73 per cent had elevation of pulse; 529 or 38 per cent had anemia; 
979 or 70 per cent had impaired general condition; 1234 or 87 per cent 
had tubercle bacilli in the sputum; 157 or 13 per cent were bacilli-free; 
and 26 or 2 per cent had genitourinary tuberculosis as a complication. 
Forty-six or 3 per cent had intestinal tuberculosis; 232 or 16 per cent had 
laryngeal tuberculosis; 29 or about 1 per cent had fistula in ano; hemopty- 
sis under treatment occurred in 100 or 11 per cent; effusion occurred in 
31 or 3 per cent (the use of artificial pneumothorax has increased the 
percentage having effusion) ; pleurisy occurred in 66 or 6 per cent; otitis 
media in 16 or 1 per cent; miliary tuberculosis in 9 or 1 per cent minus; 
meningeal tuberculosis in 8 or 1 per cent minus; syphilis in 56 or 4 per 
cent, which corresponds with the percentage in the general population; 
and spontaneous pneumothorax occurred in 20 or 2 per cent. The 
last named had also been increased by the use of compression. Some 
serious nontuberculous complication was found in 140 or 9 per cent. 
Empyema occurred in 9 or 1 per cent minus. Tuberculin was adminis- 
tered to 380 or 27 percent. The average age for all periods was 31 years. 
The average length of treatment was 9.1 months. 

There were 243 or 16 per cent Turban I cases, 482 or 35 per cent Turban 
II cases, and 676 or 48 per cent Turban III cases. 
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Condition on discharge. ‘There are 973 cases to be analyzed for re- 
sults. The general condition was still impaired in 334 or 34 per cent as 
compared with 70 per cent on admission (44 per cent on discharge 
first period, 35 per cent in the second, 32 per cent in the third and fourth). 
In 83 or 8 per cent there was sufficient change in the pulmonary status to 
justify an alteration in the Turban classification from worse to better, and 
in 35 or 3 per cent from better to worse. Two hundred and eighty-nine 
or 30 per cent were discharged febrile, as compared with 66 per cent on 
admission, (32 per cent in the first and second, 33 per cent in the third, 
and 26 per cent in the fourth periods). The average systolic pressure 
on discharge was 122.5 as compared with 120.4 on admission. In 339 or 
34 per cent the pulse was still elevated on discharge, as compared with 
73 per cent on admission (45 per cent on discharge first period, 39 per 
cent in the second, 32 per cent in the third, and 28 per cent in the fourth). 
In 86 or 8 per cent there was anemia on discharge as compared with 38 
per cent on admission (21 per cent on discharge in the first period, 
11 per cent in the second, 2 per cent in the third, and 8 per cent in the 
fourth period). In 651 or 67 per cent tubercle bacilli were still present 
in the sputum as compared with 87 per cent on admission (65 per cent on 
discharge in the first period, 66 per cent in the second, 69 per cent in the 
third, and 66 per cent in the fourth). 

Results according to stage. There were 158 or 15 per cent Turban I 
cases. Of these, 12 or 7 per cent were discharged improved, 13 or 8 per 
cent unimproved, 7 or 3 per cent progressive, 24 or 16 per cent quiescent, 
102 or 64 per cent apparently arrested, and none dead. 

There were 385 Turban II cases, and of these 33 or 9 per cent were 
discharged improved, 15 or 3 per cent unimproved, 48 or 12 per cent 
progressive, 115 or 30 per cent quiescent, 163 or 42 per cent apparently 
arrested, and 11 or 2 per cent dead. 

There were 430 Turban III cases, and of these 81 or 18 per cent were 
discharged improved, 23 or 5 per cent unimproved, 127 or 29 per cent 
progressive, 114 or 26 per cent quiescent, 34 or 7 per cent apparently 
arrested, and 51 or 11 per cent died. 

Present condition. Of the cases which have just been analyzed, in 
the Turban I class 76 are known to be living, 73 are unknown, and 9 are 
dead. Of the Turban II class, 117 are living, 220 are unknown, and 48 
are dead. Of the Turban III class 35 are living, 228 are unknown, and 


167 are dead. 
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Tuberculous complications. There were 171 cases of laryngeal tu- 
berculosis. In 86 or 50 per cent this lesion healed; in 85 or 50 per cent 
it failed to heal or was progressive. There were 42 cases of intestinal 
tuberculosis. None were discharged improved, 2 or 5 per cent unim- 
proved, 23 or 54 per cent progressive, 6 or 13 per cent quiescent, 3 or 
7 per cent apparently arrested, and 8 or 18 per cent dead. There were 
21 cases of genitourinary tuberculosis. Of these, 2 or 9 per cent were 
improved, 4 or 19 per cent unimproved, 6 or 28 per cent progressive, 3 
or 14 per cent quiescent, 2 or 9 per cent apparently arrested, and 4 or 
19 per cent died. There were 35 cases with fistula in ano. Of these 
6 or 17 per cent were improved, 1 or 3 per cent unimproved, 18 or 50 
per cent progressive, 7 or 20 per cent quiescent, 2 or 5 per cent apparently 
arrested, and 1 or 3 per cent died. In 73 there was hemoptysis during 
treatment. Of these, 8 or 12 per cent were improved, 4 or 6 per cent 
were unimproved, 14 or 18 per cent progressive, 13 or 17 per cent quies- 
cent, 11 or 13 per cent apparently arrested and 23 or 32 per cent died. 
There were 16 cases of otitis media. Of these 6 or 37 per cent were 
improved, 3 or 19 per cent unimproved, 2 or 12 per cent progressive, 
3 or 19 per cent quiescent, none apparently arrested, and 2 or 12 per cent 
died. 

Weight. Six hundred and eighty-five or 69 per cent gained weight, 
192 or 19 per cent lost weight, and 96 or 12 per cent neither gained nor 
lost. 

Artificial pneumothorax. In all there were 73 cases in which artificial 
pneumothorax was successful, partial or impossible. There were two 
Turban I cases, done at their own request, before we had learned the 
limitations of this method. All were successfully compressed and the 
results were as follows: improved, 50 per cent; unimproved, none; pro- 
gressive, none; quiescent, 50; arrested, none; dead, none. 

There were 15 cases of Turban II, all progressive in character, in 
which compression was adequate or relative with the following results: 
improved, none; unimproved, none; progressive, 5 or 33 percent; quies- 
cent, 4 or 25 per cent; apparently arrested, 2 or 13 per cent; dead, 3 or 
20 per cent. 

There were 41 Turban IE cases, all progressive in type, in which com- 
pression was complete or relative with the following results: improved, 
4 per cent; unimproved, 4 per cent; progressive, 25 per cent; quiescent, 
9 per cent; apparently arrested, 34 per cent; died, 21 per cent. This 
leaves 15 or 20 per cent in which compression was impossible. 
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Childhood history. Of the 973 cases to be considered for status on 
discharge, 183 or 18 per cent gave a history of exposure in childhood, and 
of these 21 or 11 per cent were discharged improved, 17 or 9 percent 
unimproved, 26 or 14 per cent progressive, 55 or 30 per cent quiescent, 
49 or 26 per cent arrested, and 15 or 8 per cent dead. 

One hundred and twenty-six or 12 per cent gave a history of delicacy 
in childhood, and of these 18 or 14 per cent were improved, 13 or 9 per 
cent unimproved, 24 or 19 per cent progressive, 33 or 26 per cent quies- 
cent, 32 or 26 per cent arrested, and 6 or 4 per cent dead. 

In 594 or 61 per cent there was a history ofneitherexposure ordelicacy, 
and of these 77 or 12 per cent were improved, 20 or 3 per cent unimproved, 
120 or 20 per cent progressive, 140 or 23 per cent quiescent, 200 or 35 
per cent arrested, and 37 or 6 per cent dead. 

In 70 or 7 per cent there was a history of both delicacy and exposure, 
and of these 11 or 15 per cent were improved, 1 or 1 per cent unimproved, 
12 of 16 per cent progressive, 25 or 35 per cent quiescent, 19 or 27 per 
cent arrested, and 4 or 5 per cent dead. 

Temperament and financial condition. Of the 973 cases, 489 or 50 
per cent presented both favorable temperament and finances, and of 
these 27 or 5 per cent were discharged improved, 9 or 2 per cent unim- 
proved, 101 or 20 per cent progressive, 88 or 17 per cent quiescent, 212 
or 43 per cent arrested, and 52 or 10 per cent dead. 

Both temperament and financial condition were unfavorable in 48 
or 4 per cent, and of these 9 or 18 per cent were improved, 15 or 31 per 
cent unimproved, 5 or 10 per cent progressive, 14 or 29 per cent quies- 
cent, 5 or 10 per cent arrested, and none dead. 

In 249 or 25 per cent the temperament was favorable and the finances 
unfavorable, and of these 51 or 20 per cent were improved, 11 or 4 per 
cent unimproved, 38 or 15 per cent progressive, 97 or 38 per cent quies- 
cent, 45 or 18 per cent arrested, and 5 or 2 per cent dead. 

In 187 or 19 per cent the finances were favorable and the temperament 
unfavorable, and of these 36 or 19 per cent were improved, 18 or 9 per 
cent unimproved, 37 or 20 per cent progressive, 53 or 28 per cent quies- 
cent, 38 or 21 per cent arrested, and 5 or 2 per cent dead. 

Tuberculin treatment. There were 343 cases or 36 per cent treated 
with tuberculin. Eighty or 23 per cent were classified as Turban I, 
and of these 4 or 5 per cent were improved, 7 or 8 per cent unimproved, 
4 or 5 per cent progressive, 13 or 16 per cent quiescent, 52 or 65 per cent 
arrested, and none dead. 
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One hundred and eighty-five or 54 per cent were classified as Turban 
II, and of these 12 or 6 per cent were improved, 5 or 2 per cent unim- 
proved, 28 or 15 per cent progressive, 53 or 28 per cent quiescent, 85 
or 45 per cent arrested, and 2 or 2 per cent dead. 

Seventy-eight or 22 per cent were classified as Turban ITI and of these 
10 or 12 per cent were discharged improved, 4 or 5 per cent unimproved, 
21 or 27 per cent progressive, 29 or 37 per cent quiescent, 8 or 10 per 
cent arrested, and 6 or 8 per cent dead. 

Results without tuberculin. Six hundred and thirty or 64 per cent were 
not treated with tuberculin. Seventy-six or 12 per cent were classified 
as Turban I, and of these 8 or 10 per cent were discharged improved, 4 
or 5 per cent unimproved, 3 or 5 per cent progressive, 12 or 15 per cent 
quiescent, 49 or 65 per cent arrested, and none dead. 

Two hundred or 31 per cent were classified as Turban II and of these 
21 or 10 per cent were discharged improved, 11 or 5 per cent unimproved, 
21 or 10 per cent progressive, 59 or 28 per cent quiescent, 83 or 41 per 
cent arrested, and 9 or 4 per cent dead. 

Three hundred and fifty-four or 59 per cent were classified as Turban 
III, and of these 71 or 20 per cent were discharged improved, 18 or 5 
per cent unimproved, 105 or 29 per cent progressive, 90 or 25 per cent 
quiescent, 27 or 7 per cent arrested, and 43 or 12 per cent dead. 


SUMMARY AND CONCLUSIONS 


By means of the division of our cases into four equal time periods, we 
hoped to be able to demonstrate more important facts than have perhaps 
actually resulted. The work has continued to grow throughout the four 
periods, less however as time goes on. 

There has been an increasing percentage of cases unsuitable for treat- 
ment far from home, particularly noticeable during the last or fourth 
period (see chart 1). There was an improvement in types of cases in 
the second period, but the average type sent for treatment has been 
getting worse ever since. As a matter of fact, we are getting an even 
larger number of those who have failed elsewhere. 

The percentage of male and female patients has been practically con- 
stant for all periods. About 30 per cent have been females, showing that 
it is more difficult to get the female tuberculous invalid to leave home 
than the male, a circumstance probably explained byfundamental differ- 
ences of character and also by the fact that the responsibility for the 
care of children is peculiarly woman’s. 
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In all periods, in the percentages of those presenting a history of 
exposure to tuberculosis and delicacy in childhood, neither and both is 
about the same, indicating that under civilized conditions of life we are 
dealing with constant factors in this respect. Their bearing upon results 
will be discussed later. 

In all periods, also, the percentage having fever on admission was 
about the same, namely, 63 per cent. This was also true of systolic 
blood pressure, which on admission is normal for young adults, showing 
certainly that the immediate effect of a high altitude does not lower the 
blood pressure, for in spite of the fact that practically all of our admis- 
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CuartT 1. SHOWING PERCENTAGE FOR THE Four PERIODS OF PATIENTS WHO SHOULD NEVER 
Have Lert Home 
The average is 24 per cent. The cases include those with inadequate finances, unsuitable 
temperament, diagnosis unconfirmed, and arrested or dying on admission. 


sions are frankly tuberculous (tuberculosis tending to lower the blood 
pressure) patients present on the average a normal pressure. It natur- 
ally follows that if altitude has any effect upon blood pressure, it is to 
raise rather than lower it. 

The percentage having elevation of pulse on admission is about the 
same in all periods, namely, 74 per cent. The percentage with anemia 
was quite variable, probably due to different methods of estimating the 
condition, all being more or less unsatisfactory. The number having 
impaired general condition and tubercle bacilli in the sputum (respec- 
tively, 70 per cent and 87 percent) was practically constant in all periods. 
All these facts, taken together, indicate the advanced type of tubercu- 
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losis cases that make up the bulk of our work. The percentage of the 
different complications of tuberculosis is about the same in all periods. 

The number having hemorrhage under treatment is much less than 
that usually reported. Night sweats are so infrequent as to be unworthy 
of record. 

It is worthy of note that 9 per cent of our cases presented some serious 
nontuberculous complication (from nephritis to valvular heart disease 
and aortic aneurysm) which often proved a direct cause of death. 

By means of the division into four periods, we hoped to be able to 
demonstrate that as a specialist in this disease acquires experience his 


TABLE 1 
Comparison of results in all periods 
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results would improve. If such is the case, the improvement is within 
such a narrow range as to be, to say the least, not clearly demonstrable, 
as will be made plain later. 

In considering status on discharge, we are confronted with the unvary- 
ing characteristics of tuberculosis under given conditions. Year after 
year the same percentages are discharged bacilli-free, without fever, 
impaired general condition and elevation of pulse. In only a very 
small number do we witness pulmonary change sufficient to justify an 
alteration in the Turban classification. Under sanatorium conditions, 
particularly, the evolution of the disease is very slow, and the relatively 
few months we have these cases under observation is all too short a time 
to register change in pulmonary classification. 

In view of the controversy that has existed regarding the effect of 
altitude on blood pressure, it is worthy of note that the average systolic 
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pressure on discharge (120.4) is a little higher than on admission (118), 
proving beyond question that residence in a high altitude does not lower 
pressure. 

In all periods the percentage of early, minimal or Turban I cases has 
been the same, namely, 15 percent. The rest have been divided between 
Turban I and III; the larger percentages, in fact about half of our cases, 
have been far advanced. , 

Regarding results achieved, we call attention to table 1 and chart 2. 
The first gives results in all periods and the second exhibits the 
arrested cases in all periods. It should be mentioned that the average 
length of treatment varied between 8.8 months in the first period, 9.5 
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First Period= 
Second - 
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CHART 2. SHOWING ARRESTED CASES AMONG ALL CLASSES FOR ALL PERIODS 


months in the second, 10.5 in the third and the lowest of all, 7.9 months, 
in the fourth period. In general, it may be stated that results will im- 
prove with increase in length of treatment, within certain limits, of 
course. No institution has as yet ever approximated the ideal in this 
respect. So far, none of us in this work has anything to fear from too 
long treatment. There are exceptional cases in which the patient stays 
too long in an institution, but they are very few and can be disregarded. 
A very great majority remain too short a time for the best results. 

With us, the length of stay slowly increased until the fourth period 
when it suddenly dropped to below even the first period. This isa direct 
result of Dr. Bullock’s absence in the War, when the institution was left 
in inexperienced hands. The results, following decreased length of 
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treatment, should also show a falling off. This is true, as may be seen 
by referring to table 1 only in reference to the third period in the Turban 
I class. In the first two periods the percentage of arrests are alike, 
There is a marked improvement in the third period in Turban I cases, 
to which we will refer later. In the Turban II class, after the first 
period, there was a slight improvement each five years in the percentage 
of arrests, but the first period is remarkable, inasmuch as its percentage 
of arrests is better than in the Turban I class. In the Turban III class, 
there was a steady improvement throughout all periods in the percentage 
of arrests. From these statistics we certainly cannot make it clear that 
one’s results improve with increasing experience,—there are too many 
contradictory factors. It ought to be true and, if true, would be very 


TABLE 2 
Showing the result in cases treated with tuberculin contrasted with those not treated with tuberculin 


TURBAN I TURBAN It TURBAN II 


No No No 
tuberculin | Tuberculin| tuberculin | Tuberculin | tuberculin | Tuberculin 


per cent per cent per cent per cent per cent per cent 
reer 10 5 10 6 20 12 
Unimproved.............. 5 8 5 2 5 5 
Oe ee 5 5 10 15 29 27 
15 16 28 28 25 37 
41 45 7 10 


consoling to one whose lifework is in tuberculosis; but from our results 
we certainly cannot prove it. Take, for instance, the arrests in the 
Turban I class in the third period, which much excel those in the other 
three. This is the period during which the use of tuberculin was very 
general in our work. It is also the period of the longest stay. Is it not 
a fact that patients taking a routine procedure, such as a so called 
course of tuberculin, are more easily kept under treatment than others? 
And may not the longer stay account for the better results, just as well 
as tuberculin treatment or increasing experience? We are rather of the 
opinion that about the only way experience can be translated into better 
results is by gaining better control of patients and thus “keeping them 
on the job” better and longer. Treatment of tuberculosis is itself 
standardized. None of us in this work has much individual advantage 
over others. (See table 1 and chart 2.) 
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In regard to our use of tuberculin, we direct attention to table 2 and 
charts 3 and 4. The table gives the results in cases with and without 
tuberculin in all classes. Chart 3 exhibits the same thing and chart 4 
only the arrests with and without tuberculin. From these exhibits 
itis very plain that there is little difference between treated and untreated 


Turban I 
Arrested |Quiescent \Improved |\Unimproved| Progressive| Dead 


Treated = 
Untreated= --------- 


— 


Cuart 3. SHowmnG Resvutts In CASES TREATED WITH TUBERCULIN CONTRASTED WITH 
TuHOsE Not TREATED WITH TUBERCULIN 


cases. In this connection, it is well to recall that no one has been able to 
show much of a favorable effect for tuberculin by means of statistics. 
It is to be kept in mind that cases chosen for tuberculin treatment were 
those resistant to ordinary measures, so if results equal those of the 
untreated cases there is reason to believe that it is of some value. In 
Turban I types we achieved the same percentage of arrests with and 
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without tuberculin. In the other two, our results are a little better 
with tuberculin than without it. Our results seem to justify the con- 
clusion that tuberculin is not necessary in minimal tuberculosis, but 
may be appropriately employed in the more advanced cases. It should 
not be forgotten that tuberculin treated cases remain longer under 
treatment than others and this may explain the slightly better results. 

At all times, tuberculin has been employed by us with great caution 
and close observation, yet without fear when well tolerated. From 
our exhibits it is worthy of emphasis that the careful use of tuberculin is 
absolutely harmless, a little the contrary in fact. Coinciding with 


Turban] Turban I TurbaniT 


Not treated =------- 
Treated =— 


CuHart 4. SHowING APPARENTLY ARRESTED CASES IN THE THREE CLASSES WITH AND 
WITHOUT TUBERCULIN TREATMENT 


generally accepted ideas, tuberculin therapy is one phase of treatment 
only and its beneficial action, if it has any, is probably confined to 
increasing fibrosis around the foci of infection, thereby diminishing ne 
permeability of the investing tissues of tuberculous areas. 

There is one thing of great value which resulted from the division into 
periods, and that is the demonstration of the total lack of value, in fact, 
the harmfulness of laryngeal applications of various sorts, including the 
use of the cautery and surgical procedures (see chart 5). In the first 
period nothing but voice rest was employed in the treatment of laryngeal 
tuberculosis, and healing occurred in 50 per cent of such cases, a splendid 
showing in itself. Thereafter, for ten years, all sorts of applications 
were tried, and also cauterization with the actual cautery, as well as 
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amputation of the epiglottis in some instances, in addition, of course to 
voice rest; and the results steadily fell off until the last period, when we 
started sunlight exposure and voice rest with a consequent marked 
improvement in laryngeal results. This improvement from 44 per cent 
of healing to 57 per cent justifies a belief that there is real value in 
exposure of the larynx to the sun’s rays. In this connection, it should 
be recalled that the results are worst in the third period which was the 
time when tuberculin was quite generally used. This may be of some 
significance, as tuberculin has been lauded as of use in these cases. 


First Period: |Second Period: | Third Period: _ | Fourth Period 
Voice rest only | Different applications| Differentapplications| Sunlight exposure, 
nt Gautery, Voice rest. |\Cautery, Voice rest, | Voice rest 


CuHart 5. SHOWING PERCENTAGES OF HEALED CASES OF LARYNGEAL TUBERCULOSIS FOR 
THE Four PERIODS 


We now consider the effect of a history of exposure and delicacy in 
childhood, either, neither and both (see table 3, chart 6). For twenty 
years, one of us (Bullock) has kept careful records of the occurrence 
of these factors in our cases, in the hope that some day they might prove 
of value. The statistics in the table and chart referred to were derived 
without reference to stage of the disease, all three types being consid- 
ered together. The cases having a history of neither exposure nor 
delicacy furnish about 10 per cent more arrests than when either occur. 
Taken separately, both of these factors are of equal value in impairing 
chances for arrest. The percentages representing the occurrence of both 
in the same person should be disregarded, as the total number is too small 
to justify conclusions, namely, 7 per cent. 

Both of these factors just discussed are insignificant in terms of 
relation to results, compared to temperament and financial condition, 
a record of which has been also kept for twenty years. These are 
factors of the greatest importance, particularly financial condition 
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(see table 4, chart 7). These statistics are also derived without regard 
to classification of types. It may be seen that the highest percentage 
of good results is achieved when temperament and financial condition 
are favorable and the worst when they are both unfavorable, as might 
be reasonably anticipated. It is also readily demonstrated that a good 


TABLE 3 
Showing effects of exposure and delicacy in childhood. The number of cases having both is very 
small and therefore should be disregarded. In these statistics there is no 
classification of types 


EXPOSURE IN | DELICACY IN 
CHILDHOOD CHILDHOOD BOTH 


per cent percent per cent per cent 


Improved 11 14 12 15 
Unimproved 9 9 3 1 
Progressive 14 19 20 16 
Quiescent 30 26 23 35 
Arrested 26 26 35 27 
8 4 6 3 


Arrested |Quiescent |Improved |Unimproved| Progressive 


CHART 6. SHOWING EFFECTS OF EXPOSURE AND DELICACY IN CHILDHOOD 


financial condition is more important than a good temperament, though 
not much more so. The highest mortality and the highest percentage 
of arrests occur when temperament and financial condition are favorable; 
and the high death rate and high percentage of arrests are attributable 
to the same thing, namely, the fact that patients with both favorable 
temperament and finances remain long enough to thoroughly try out the 
cure, while those in which these factors are unfavorable pass from 
observation. 

The effect of these factors is, however, much better shown by arranging 
the cases into the usual three types and then comparing the results. 
This has been done in table 5 and chart 8. As shown, an ideal tem- 
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perament and financial condition, particularly financial condition, ex- 
ercise a very great influence upon results. A fool with money enough 


may recover, although he is not very likely to, but a poor fool simply 
cannot. In Turban I and II types, the percentages of arrests among 
patients of ideal type, namely, 91 per cent and 61 per cent respectively, 


TABLE 4 
Showing effects of temperament and financial condition. In these statistics there is no 
classification of types 


FINANCES 
FAVORABLE 


TEMPERAMENT 
FAVORABLE 


TEMPERAMENT 
AND BOTH 


FINANCES 
FAVORABLE 


UNFAVORABLE 


FINANCES 
UNFAVORABLE 


TEMPERAMENT 
UNFAVORABLE 


ber cent 


per cent 


per cent 


per cent 


20 19 
4 9 
15 20 
38 28 
18 21 
2 2 


Improved 
Unimproved 
Progressive 
Quiescent 
Arrested 


Improved \Unimproved | Progressive| Dead 


Favorable Temperament % Finances 
Temperament favorable Finances unfavor = ------ 
Temperament untav., Finances favorable =----- 
Both unfavorable 


CHART 7. SHOWING EFFECTS OF TEMPERAMENT AND FINANCIAL CONDITION 


are much better than of the same stages, taking all cases together, in 
which the arrests are 64 per cent and 42 percent respectively. Natur- 
ally, these or any other factors are of much less significance in far 
advanced cases, the difference being but 1 per cent between them, and 
that in favor of the ones with favorable temperament and financial 
condition. The far advanced types, with little hope at the best, have 
practically none unless these factors are favorable. 
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From these statistics we have the right to conclude that the only prac- 
ticable way open to improve results in the treatment of tuberculosis 
lies in getting more patients in the ideal class. and, as financial condition 
is a matter entirely outside of our control, we must devote more time and 
patience to making the unfavorable temperament at least more favorable. 


TABLE 5 
Showing resulis in ideal patients contrasted with all patients 


TURBAN I TURBAN II TURBAN III 


Ideal All Ideal All Ideal All 
patients patients patients patients patients patients 


percent percent percent per cent percent per cent 


Improved 7 10 18 
Unimproved 8 6 5 
Progressive... 3 34 29 
Quiescent 1 23 26 
Arrested 8 7 
19 il 


Turban I Turbani[T 


Ideal type 


Al] cases = 


WA, 
Ad 


CHART 8. COMPARISON OF RESULTS IN IDEAL TYPE WITH RESULTs In ALL CASES 


There is too great a tendency to shirk one’s duty to these persons just 
because it is disagreeable. We believe that possibly 5 per cent better 
results can be achieved by working harder with the bad patients. It 
should be worth anyone’s trouble to save that many more lives. More 
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time should be spent in the education of the patient, being especially 
careful not to minimize the time and effort necessary to recovery. 

Chart 9 illustrates our experience with artificial pneumothorax, 
in which the results by this method are compared with the results in all 
cases. In these cases the good results bear relatively little relation to the 
degree of involvement; for the percentage of arrests is higher in the 
Turban III cases. Of course, the chance of accident and death is in 
direct relation with the degree of involvement. As might be supposed, 
except in Turban III types, they show less favorable results than under 
ordinary treatment. This is, of course, due to the selection of progres- 


Turban I Turban I Turban 


ley 


Artificial Pneumothorax = 
All cases 


“Ts. 


7 = 
an 
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Cuart 9. SHowING RESULTS OF ARTIFICIAL PNEUMOTHORAX 


sive types only for compression, that is, cases which would terminate 
badly otherwise. This is and will continue to be our policy toward 
compression. In progressive Turban III cases, the value of compres- 
sion is quite apparent, though it is to be noted that the mortality is over 
10 per cent higher than under the usual treatment. This is also true of 
Turban II cases, in which the mortality is 17 per cent higher than under 
usual methods. 

From this it appears that the beneficial results obtained are often 
offset by the accidents of this procedure. We must not, however, lose 
sight of the desperate type of case selected for this treatment. Undoubt- 
edly, and according to our method of selection, compression cases would 
show a very high mortality without compression, so that all we obtain 
by compression is pure gain. Although a disadvantage, we do not 
consider a slight involvement of the good side a contraindication. 
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Some of our most brilliant results have been obtained in such cases, 
and 50 per cent of all our cases had some involvement on the good side. 

We now reach the real purpose of this paper,—the estimation of the 
place of climate in the treatment of tuberculosis. 

It has been maintained that there is no such thing as an ideal climate. 
As a general statement regarding climate alone the statement is incon- 
trovertible; but we believe that, so far as the treatment of tuberculosis 
is concerned, there are a great many places in this and other countries 
which afford an ideal climate. 

Such a climate is high, dry and cool. It is the combination of these 
three factors which makes up the ideal climate for the tuberculous. 
With particular reference to southwestern United States, there should be, 
in addition, freedom from dust storms and mosquitoes. 

The very grave mistake has been made of exploiting the whole arid 
region of the United States as a health resort. An ideal health resort 
must be favorable at all times of the year. In our arid region, we have 
nearly all possible varieties of climate except wetness. Dryness is the 
only factor enjoyed in common by all places. We have places where 
the summers are almost insufferably hot, and others with summers so 
delightful that words fail to portray the real truth. We have places 
so. cold in winter that one might compare them with the Adirondacks or 
the Selkirks, and places so modified by latitude, altitude and dryness, as 
to be relatively warm in winter, and still others which have the winter 
climate of Egypt. We have places where there are frightful dust 
storms for four and five months out of the year. Such are totally 
unfitted to be health resorts. The well known health resorts of the 
West are Colorado Springs, Colorado, Las Vegas, Santa Fe, Fort Bayard, 
Fort Stanton and Silver City, New Mexico, and Prescott, Arizona. 
For perfectly apparent reasons, we do not mention Denver, Colorado, for 
it is a large city and, therefore, not an ideal place for consumptives, 
regardless of climate. We will never utilize our western climates to the 
best advantage until more intelligence is applied to the question of 
where to go. We have vast areas perfectly suitable for consumptives, 
such as the Gila, Pecos and White Mountain Forest Reservations; but 
at present they contain none of the other essentials of proper treatment of 
tuberculosis; in other words, they are practically uninhabited. 

In substantiation of our belief that there is an ideal climate we offer 
our results (see chart 10 and table 6). We have no doubt that similar 
results are obtained at institutions having equally or desirable climatic 
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environment. In table 6 our results are compared with those obtained 
at the Trudeau Sanatorium. Chart 10 also shows the results at the 
Trudeau Sanatorium. From these charts and tables one gets the impres- 
sion that climate may play no insignificant part in the treatment of 
tuberculosis. 

A critic may object that the classification of tuberculosis is so difficult 
that, even with a perfectly honest intent, comparison of results from 
different institutions is unfair. To which we reply, ‘Very well, let us 


TABLE 6 


Showing results in all cases (20 years) compared with results of the Trudeau Sanatorium 
(35 years) 


New Mexico Cottage Sanatorium 


TURBAN I TURBAN II TURBAN OI 


per cent per cent per cent 


Improved 18 
Unimproved 5 
Progressive 29 
Quiescent 26 


Arrested 7 
11 


Trudeau Sanatorium 


MODERATELY 


INCIPIENT 


ADVANCED 


FAR ADVANCED 


Arrested 
Quiescent 
Active 


per cent 
45.4 
53:3 
19.3 


per cent 
9.9 
53.8 
36.3 


per cent 
0 

20.5 

79.5 


abolish the classification and consider only those who are discharged 
better or worse. Surely anyone can tell whether a consumptive is better 
or worse.” 

What is the result? We offer table 7 and chart 11 which exhibit the 
good and bad results at the Trudeau Sanatorium, the New Mexico 
Cottage Sanatorium and at Fort Bayard under the Army. They include 
altogether nearly thirteen thousand cases. In each and any class, and 
taken together without classification, the results at the two latter insti- 
tutions excel the former and the worse the class the better the results in 
comparison with those at Trudeau. In other words, the sicker they are, 
the more they need what our climate has to give them. 
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It is evident that 24 per cent of our cases are not amenable to our 
methods of treatment and we feel that such cases are best treated at 
home; in fact, they are of the types of cases which have cast doubt on 
the value of climate. Anyone who has spent time in observing the 


New Mexico Cottage Sanatorium 

Turban Turban 


‘A 
Trudeau Sanatorium 
Moderately advanced || Far advanced 
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CHart 10. Comparison oF Resutts or Att CASES wITH THOSE OF THE TRUDEAU 
SANATORIUM 


migratory consumptive in the ‘Southwest has been impressed with the 
pathos of the deluded| wayfarer who comes here to camp out, draw water 
from the irrigating ditches, walk to town for his weekly supplies, do his 
own cooking and washing and, after several weeks or so, leave disgusted 
that the miracle has not come to pass. Nothing brings these patients 
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to the physician except dire need of attention, usually a hopeless terminal 
complication. 

The large number of Turban IJI cases which come to us speaks for 
itself. ‘They are only too often the failures of elsewhere. But, even so, 
they represent but the smaller number when one remembers that ade- 
quate finances are so essential in reaching this country. 


TABLE 7 


Showing good and bad results at the Trudeau Sanatorium, Fort Bayard and the New Mexico 
Cottage Sanatorium* 


TURBAN I TURBAN II TURBAN III 


Good Bad Good Bad Good Bad 


per cent per cent per cent per cent per cent per cent 
' 80.7 19.3 63.7 36.3 20.5 79.5 

Fort Bayard 87.8 12.07 71.83 28.18 33 .45 66.38 
New Mexico Cottage Sana- 
87.0 11.0 81.0 19.0 51.0 45.0 


* Good results include arrested, quiescent, improved. Bad results include unimproved, 
progressive, dead. 


Turbanl TurbanI Turban 
Good Bad Good Bad Good Bad 


Trudeau Sanatorium = 
New Mexico Cottage Sanat= —------ 
Fort Bayard 
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Cuart 11. SHowrnc Goop AND BaD RESULTS AT THE TRUDEAU SANATORIUM, NEW MExIco 
CotraGE SANATORIUM AND Fort BAYARD 


Good includes arrested, quiescent and improved. Bad includes unimproved, progressive 
and dead. 
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There is a widespread existing belief, too generally accepted and 
taught, that a sanatorium patient of the West relapses quickly on 
returning to his occupation at home; that an arrest or so called cure made 
at home is more permanent. This statement should not pass unchal- 
lenged. The resulting relapse may truly be charged, in many cases, to 
improper treatment, after patients return to their surroundings, and to 
failure of local conditions to hold such patients in adequate health. 

Failure to hold patients in reasonably good health is the rarest sort of 
happening when they remain under our surveillance in this climate. 
In fact, there are many patients who have taken up their residence here, 
and who have in time become actual cures under conditions of unusual 
stress, under which they have repeatedly failed at home. Whatever this 
may be due to, be it climate or care, it is to be noted that results from 
Fort Bayard records are equal to ours and vastly better than any other 
group of records of which we have been able to obtain a copy. This 
is true of institutions richly endowed and long established, with medical 
staffs that merit our highest esteem. That climate has a vital influence 
on the end result is to us and others a proved fact. 
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PHTHISIOGENESIS AND LATENT TUBERCULOUS 
INFECTION! 


EUGENE L. OPIE 


From the Department of Pathology, Washington University School of Medicine, 
Saint Louis, Missouri 


Wide divergence of opinion concerning the pathogenesis of pulmonary 
tuberculosis appears to be the consequence of a failure to correlate 
observations and experimental studies. There is no universal agree- 
ment concerning the portal of entry of microérganisms which produce 
pulmonary tuberculosis. Many doubt the possibility of tuberculous 
infection during adult life and maintain that all infection has its origin 
in infancy. The tuberculosis of infancy has a close resemblance to 
tuberculosis of experimental animals, but the phthisis of human adults 
is not reproduced by any of the usual methods of animal inoculation. 
Villemin and Koch recognized the infectious nature of the disease, 


but the possibility of its transmission from an infected person to a normal 
adult is still denied by many and is indeed difficult to prove. 

In order to compare human tuberculosis with that of experimental 
animals I shall briefly review the characters of tuberculosis in infancy 
and early childhood, for this condition represents a first infection with 
the tubercle bacillus. 


PULMONARY TUBERCULOSIS OF CHILDHOOD: FOCAL TUBERCULOSIS 
OF THE LUNGS 


Pulmonary tuberculosis of early childhood does not affect one part of 
the lung oftener than another and does not occur more frequently in 
the apex than elsewhere. In two-thirds of all instances it begins below 
the pleura. In the first year of life there is almost no tendency to heal 
but progressive caseation occurs. Cavities may be formed but they 
are uncommon. The lymph nodes adjacent to the site of infection are 
invariably involved and here the lesion progresses so rapidly that it may 


1 This article represents the contents of two addresses, one being the annual address of the 
Minnesota Pathological Society, delivered October 18, 1921, the other the Gross Lecture 
before the Pathological Society of Philadelphia, December 8, 1921. 
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be much more conspicuous than the primary focus of infection. Ghon 
has shown that tuberculosis of the tracheobronchial lymph nodes does 
not occur as a primary focus of infection but is so frequently associated 
with a lesion found in the substance of the lung that we may assume the 
invariable presence of the pulmonary focus. My observations are in 
accord with this view. Dissemination readily occurs in infancy and 
childhood; miliary tuberculosis is a frequent termination of tuberculosis 
in childhood and meningitis is the cause of death in 16 per cent of fatal 
cases. 

With increasing age the tendency to heal increases and not infrequently 
the lesions both in the lungs and in the regional lymphatic nodes do not 
attain any considerable size. Various stages in the process of recovery 
may be seen in the lungs of children who die with diseases other than 
tuberculosis: (a) small caseous nodules are encapsulated by fibrous 
tissue; (b) deposits of calcium salts within the caseous material give it a 
gritty mortar-like character although it is still recognizable as caseous 
material; (c) complete calcification converts the nodule into a stony 
mass still surrounded by fibrous tissue. Among children in St. Louis (1), 
from 2 to 5 years of age, such focal nodules have been found in 42.8 per 
cent; from 5 to 10 years, in 45.5 per cent; and from 10 to 18 years, in 
55.5 per cent. In adults after the eighteenth year these nodules are 
rarely missed, being found between the eighteenth and thirtieth year 
in 83.3 per cent; between the thirtieth and fiftieth year in 91.3 per cent; 
and between the fiftieth and seventieth years in 93.3 per cent. These 
focal nodules usually have their origin in childhood, but it is evident 
that they may be formed at a later period. 

The occurrence of the cutaneous tuberculin reaction doubtless bears a 
close relation to infection with tuberculosis. It is not improbable that 
the incidence of tuberculosis in childhood varies considerably in different 
localities. Hamburger and Monti (2) in Vienna obtained a positive 
tuberculin reaction by the intracutaneous test in 93 per cent of children 
between the ages of 12 and 14 years. Pirquet (3), in the same city, 
using the method of scarification, obtained 80 per cent of reactions 
among children between 10 and 14 years of age. The figures obtained 
by Armenta (4) in Italy and by Calmette, Grysez and Letulle (5) in 
France are in agreement with those just cited. In this country among 
159 children in an institution in Albany, New York, Shaw and Laird (6) 
found 45 per cent of positive cutaneous reactions. In the St. Louis 
Children’s Hospital, Veeder and Johnson (7) tested 1300 children and 
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found the reaction positive in from 40 to 48 per cent of children between 
the ages of 10 and 14 years. It is noteworthy that these figures are in 
close agreement with those representing the incidence of tuberculosis 
found at autopsy in the same city and it seems probable that tuberculous 
infection among children occurs at an earlier age in the cities of con- 
tinental Europe than in those of this country. 

Roentgen ray plates depict in bold relief within the substance of the 
lung and in the adjacent lymph nodes calcified tuberculous lesions. 
Superficial examination of the lung may disclose only a few hard nodules, 
whereas an X-ray plate shows at a glance their number and distribution. 
In one of nine adults X-ray plates disclosed such extensive calcified 
tuberculosis of the lung and its lymph nodes that a grave infection must 
have existed at some previous time (8); even though there had been no 
history of corresponding symptoms there was doubtless at some period 
of the individual’s life imminent danger of fatal tuberculosis. In these 
instances there are multiple calcified nodules within the lung, and mas- 
sive calcified tuberculosis of lymphatic nodes outside of the lung in con- 
tact with one or other bronchus, at the bifurcation of the trachea and 
often scattered along one side of the trachea. Occasionally, the lung is 
almost uniformly studded with nodules about 0.5 cm. in diameter. 
This form of infection has an interest not only for the pathologist, as 
oiten assumed, but for the clinician and for those interested in the 
epidemiology of the disease. _ 

A special study of masked juvenile tuberculosis has been made by 
Cooke and Hempelmann (9) at the St. Louis Children’s Hospital. They 
find that children suffering from this condition give a history of frequent 
coughs and colds, attacks of unexplained fever, loss of weight, anorexia 
and asthenia. There are often physical signs of enlarged tracheo- 
bronchial lymph nodes confirmed by X-ray examination. The tuber- 
culin reaction, as indicated by the Pirquet test, is present. A study of 
complement fixation in this group of children shows that the reaction is 
uniformly absent during the first year of life but is present with increasing 
frequency as age advances. Among children between the ages of 2 and 
4 years with the symptoms enumerated above, 50 per cent exhibited 
complement fixation; between 6 and 12 years, 73 per cent; and between 
12 and 15 years, 95 per cent. 

It is not possible, as many believe, to draw a line between clinical 
tuberculosis and latent tuberculous infection. The recognition of tuber- 
culosis depends upon the methods furnished by existing knowledge and 
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the skill of the practitioner who applies them, In the lungs every grada- 
tion occurs between, on the one hand. inconspicuous nodules in the 
parenchyma and in the lymph nodes which, though associated with 
hypersensitiveness to tuberculin and other immunological reactions, 
cause no disturbance of the general health, and, on the other hand, 
widely scattered nodules which, though proceeding toward recovery, 
are associated with fever and other costitutional disturbances. Some 
fortuitous circumstance may transform the latter into progressive fatal 
tuberculosis. 


PRIMARY INTESTINAL TUBERCULOSIS 


Although opinion differs concerning the relative importance of the 
hing and intestine as portals of entry for the tubercle bacillus, the oc- 
currence of primary intestinal tuberculosis is well recognized. Those 
who maintain that the lung is the usual site of primary infection do not 
deny that the tubercle bacillus may enter the body by way of the gastro- 
intestinal tract, but maintain that its path is marked by local lesions at 
the site of entry, usually in the Peyer’s patches or tonsils or within the 
regional lymph nodes, namely, the mesenteric or cervical. The ex- 
tensive studies of Park and Krumweide (10), the Royal Commission on 
Tuberculosis of Great Britain, and the Kaiserliche Gesundheitsamte of 
Berlin have shown that pulmonary tuberculosis is almost invariably 
caused by the human type of tubercle bacillus, whereas from one-fourth 
to one-half of all abdominal or cervical tuberculosis in children under 
15 years of age is caused by the bovine microérganism. In these in- 
stances of cervical or abdominal tuberculosis there can be little doubt 
that the bovine bacillus, presumably contained in milk, has entered 
through the gastrointestinal tract. The frequency of primary intestinal 
tuberculosis is not the same in different localities, so that statistics re- 
ferring to the subject vary widely. In this country primary intestinal 
tuberculosis is uncommon, and among 50 autopsies in St. Louis carefully 
studied to determine the distribution of tuberculosis no evidence of the 
disease was found in the mesenteric lymph nodes although it was in- 
variably present in the lungs. In Montreal], Klotz (11) found obsolete 
or obsolescent tuberculosis of the mesenteric lymph nodes in 39 of 477 
autopsies, namely, in 8.1 per cent. In San Francisco, Ophiils (12) 
found evidence of primary intestinal tuberculosis in less than 6 per cent 
of autopsies. 
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In a series of autopsies performed in France on young British soldiers, 
who died from conditions unrelated to tuberculosis, I was much sur- 
prised to find caseous or calcified lesions in 18 of 66 instances, namely, 
in 27 per cent (13). The great frequency of tuberculosis in the cattle 
of Great Britain offers a probable explanation. In those in whom these 
mesenteric lesions were found, focal tuberculosis of the lung was scant 
or absent, so that although in X-ray plates minute but suggestive 
shadows were occasionally found no nodules were demonstrated by 
direct examination of the lungs. These observations are in sharp con- 
trast with the condition of the lung of those with no mesenteric lesions. 


CHRONIC APICAL TUBERCULOSIS OF ADULTS: PHTHISIS 


Pulmonary tuberculosis of adults is almost invariably apical, and 
even in children after the seventh or eighth year, as Holt points out, 
this localization is established. There is with apical tuberculosis the 
well known tendency to chronicity, characterized by abundant forma- 
tion of fibrous tissue, so that in some instances complete healing occurs. 
When the disease is progressive the formation of cavities is the almost 
invariable result of caseation occurring in contact with the bronchial 
tree. A noteworthy feature of the apical tuberculosis of adults and of 
older children is the absence of associated tuberculosis of the regional 
lymphatic nodes. Focal tuberculosis of childhood is invariably ac- 
companied by caseous lesions in the regional lymph nodes, but with 
apical tuberculosis of later life there are no caseous lesions in the nodes 
at the hilum of the lung. The lymph nodes in this situation may be 
enlarged and may show cellular proliferation, but caseous tuberculosis 
characteristic of the focal infection of childhood is lacking. 

In accordance with widely accepted custom the name “phthisis,”’ 
though not free from objections, may be conveniently applied to the 
manifest pulmonary tuberculosis of adults. ‘“Phthisis’ exists when 
tuberculosis of the lungs produces symptoms and becomes recognizable, 
and especially when caseation with ulceration occurs in contact with 
the lumen of the bronchial tubes. Phthisis may be distinguished from 
latent or healed apical tuberculosis, which is surprisingly common in 
those who have died with conditions other than tuberculosis. In order 
to establish the frequency of healed or latent apical tuberculosis it is 
essential to distinguish it from the focal tuberculosis which usually has 
its origin in childhood. An examination of the lungs of 50 adults in 
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St. Louis demonstrated the presence of encapsulated apical tuberculosis 
in 8, namely, in 1 of 6 persons, and subsequent examinations have amply 
confirmed this incidence (14). 

Latent apical tuberculosis is transformed into phthisis only when the 
tuberculous lesion becomes active and progressive. In this connection 
it is of interest to recall the observations of Newsholme upon the latent 
period or phthisis, that is, the period between obvious opportunity for 
contact infection and the development of manifest symptoms. In 20 
of 100 instances of phthisis there was a definite history of infection 
ceasing at a known date. The duration of latency was less than 5 years 
in only 6 instances, from 5 to 10 years in 4 instances, and in half of these 
instances of phthisis the latent period was greater than 10 years. 


IS PHTHISIS ACQUIRED IN CHILDHOOD? 


Von Behring (15) has maintained that “phthisis is acquired in early 
infancy.” It may be profitable to examine his argument in favor of 
this view. The disease, he says, is not inherited but acquired in infancy, 
as the result of infection which first affects the lymph nodes and by a 
circuitous route finally manifests itself by characteristic caseation at the 
apices of the lung. He points out that virulent tubercle bacilli, adminis- 
tered to guinea pigs and other animals under the skin or into the peri- 
toneal cavity or into the circulating blood, produce disease which has no 
similarity to human phthisis. With inhalation tuberculosis such as he 
has produced in guinea pigs kept for a long time in a compartment with 
tuberculous animals which are discharging tubercle bacilli (“open 
tuberculosis’), there is, he states, no primary bronchial or alveolar in- 
fection of the lungs but a series of events identical with those which follow 
the administration of tubercle bacilli by way of the mouth. With both 
inhalation and alimentary tuberculosis, he says, submental lymph nodes 
are first infected, then the lymph nodes of the neck and finally the 
mediastinal lymph nodes. Later the disease reaches the bronchial 
lymph nodes and the subpleural endings of the pulmonary artery and 
is disseminated by way of the blood to all parts of the body. Experi- 
mental production of tuberculosis in guinea pigs by inhalation or by 
feeding is not usually followed by cavity formation and other changes 
which characterize human phthisis. To produce cavernous pulmonary 
tuberculosis and the general symptoms of phthisis it is necessary, he 
says, as Baumgarten showed, to adopt a method of infection by which 
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tubercle bacilli in relatively small quantity enter the lymph passages. 
This aim was very successfully attained by von Behring and Roemer 
when guinea pigs were fed with milk obtained from cows suffering from 
tuberculosis of the udder and treated with formalin to attenuate the 
tubercle bacilli. A chronic disease which lasted during months was thus 
produced, the animal became emaciated and there was formed within 
the lung a single large cavity within which sequestered tissue was re- 
tained, the remainder of the lung being relatively normal. Pulmonary 
phthisis occurs in larger animals, such as goats and cattle, when they are 
subjected to infection which lasts two or three years. Veterinarians 
realize, he says, that young cattle are prone to intestinal tuberculosis, 
whereas older animals suffer with tuberculosis of the lungs, which though 
usually referred to as a respiratory infection is indeed an advanced stage 
of a chronic primary intestinal tuberculosis. 

The micro6érganism reaches the intestinal tract of the infant by way 
of the mouth and nose and it is a matter of indifference, according to 
von Behring, whether it is present in the milk which the infant receives 
or is later mixed with the milk after it is ingested by the child. Contact 
of the child with its tuberculous mother or abundant dissemination of 
tubercle bacilli within the dwelling of 4 family suffering with tubercu- 
losis offers abundant opportunity for infection during the first weeks of 
life. Von Behring maintains that experimental evidence demonstrates 
great susceptibility of the suckling child to tuberculous infection. He 
cites the experiments of himself and Roemer which demonstrate that 
true proteins pass unaltered through the intestinal mucosa of new born 
colts, calves and small laboratory animals, whereas the intestinal mucosa 
of adult animals is impermeable to proteins until they are transformed 
into peptone and lower products of decomposition. Diphtheria and 
tetanus antitoxin pass almost quantitatively into the blood of the new 
born. He cites experiments in association with Much to show that 
guinea pigs less than eight days old die, as the result of feeding with 
milk containing anthrax bacilli, just as quickly as those inoculated by the 
usual parenteral method, although adult guinea pigs are insusceptible 
to anthrax bacilli introduced into the intestinal tract. After the feeding 
of attenuated anthrax bacilli to newly born guinea pigs the microérganism 
was found in the blood although the infection was not fatal. Finally 
von Behring cites experiments with tubercle bacilli performed in asso- 
ciation with Roemer. Newly born guinea pigs or animals several days 
old were infected with small, weighed doses of tubercle bacilli, so that 
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tuberculosis of the cervical lymph nodes, of the omentum and later often 
of the lung was demonstrable. In-adult animals larger doses were 
necessary to produce the disease. Von Behring finds in these experi- 
ments confirmation of his view that tuberculosis of the lung in man and 
in cattle is the result of primary intestinal infection which has occurred 
at a very early period of life. 

It is evident that the analogies cited by von Behring do not prove that 
tuberculous infection enters the body by way of the gastrointestinal 
tract during the first few days of life. The susceptibility of children to 
the disease is well known, but all of the evidence which is available 
indicates that few survive an infection acquired during the first year 
of life. 


DOES TUBERCULOUS INFECTION HAVE ITS ORIGIN IN ADULT LIFE? 


Many of those who maintain that tuberculosis is acquired in childhood 
have been impressed on the one hand by the susceptibility of infants 
and young children to infection and on the other hand by the difficulty 
of demonstrating that adults exposed to infection acquire the disease. 
Tuberculosis has so few of the features of a contagious disease that its 
infectious nature was disputed until the experimental inoculations of 
Villemin and Koch’s discovery of the tubercle bacillus furnished in- 
disputable proof. The attempt has often been made to show that those 
who are especially exposed to the possibility of infection rarely acquire 
the disease. The claim that physicians, nurses and attendants in 
institutions for the care of tuberculous patients are not affected to greater 
degree than the general population was first made by T. Williams (16), 
who studied the incidence of tuberculosis at the Brompton Hospital for 
Consumptives. Among 323 house physicians, who had remained at 
least six months at the institution, only twelve developed tuberculosis. 
Nevertheless, it is noteworthy that two of three porters who handled 
soiled linen and sputum died with phthisis. These statistics serve as 
an example of others of almost identical character which might be cited. 
Newsholme (17), who has given special attention to this subject, does not 
believe that the statistics concerning the fate of attendants in sanatoria 
have been collected with sufficient completeness to insure their accuracy. 
The numbers are small, the length of service in the hospital is indefinite 
and those who have died are probably traced with less accuracy than 
those who are still alive. Furthermore, it is possible, though definite 
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data are not obtainable, that contact between healthy and tuberculous 
persons, such as occurs in a well conducted sanatorium, may serve to 
immunize in some degree rather than to implant a progressive disease. 

A study of the incidence of tuberculosis among those who have married 
tuberculous persons has furnished evidence to support the belief that 
the disease is rarely transmitted. It is not difficult to collect from the 
literature tragic instances of tuberculosis in successive consorts of one 
consumptive individual. The case of a sailor with consumption whose 
four wives, each apparently healthy at time of marriage, died with the 
same disease is cited by H. Weber (18) and frequently quoted. Similar 
instances are not hard to find and are doubtless explainable in part 
only as coincidence. The most comprehensive statistics are those 
collected from the literature of the subject by Pope and reviewed after 
his death by Pearson (19). They investigated the records of over 
45,000 couples, including in some instances the entire population of 
villages. The collected data fall into three groups: (a) Data obtained 
from married couples studied without selection and representing pre- 
sumably a random sample of the general population; all of the observa- 
tions in this group, representing approximately 1000 couples, were made 
in Germany by Riffel. (b) Data concerning the parents of children 
who had no tuberculosis; two-thirds of this material which represents 
3200 couples was collected by one observer, namely, Reiche. (c) Data 
concerning the parents of tuberculous children; these observations 
representing 41,000 couples were made by twenty-eight observers in 
America, England and Germany, the greater number being from the 
last named country. Pope and Pearson have limited their study of the 
question to the immense mass of statistics included in the last named 
group and find that tuberculosis is more frequent among the consorts 
of tuberculous individuals than in the general population, the marital 
coefficient of correlation for tuberculosis being represented by 0.30. 
They believe that “‘assortive mating,” that is, the tendency of one 
individual to marry another with similar physical and mental characters 
explains a part of this preponderance; “‘assortive mating’ it is stated 
“probably accounts for at least two-thirds and infective action for not 
more than one-third of the correlation observed in these cases.” In 
discussing the difficulty of determining how far those “constitutionally 
inclined to tuberculosis” or actually suffering with the disease are 
reciprocally attracted, Pearson says that the assortive tendency might 
be weakened in a community with much tuberculosis; the tendency 
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to assortive mating might disappear and indeed the tuberculous might 
select sound mates. It is evident that the significance of assortive 
mating is uncertain. 

Pearson has limited his discussion to the incidence of marital tubercu- 
losis in the parents of tuberculous children, doubtless influenced in this 
selection by the great mass of the statistics which have been assembled 
(see ‘‘c’’ above). Since tuberculosis attacks families the disease will 
be more frequent among the parents of tuberculous than among the 
parents of nontuberculous persons. This greater frequency will tend 
to obscure any existing difference between the incidence of tuberculosis 
among the mates of the tuberculous on the one hand and among the 
mates of nontuberculous individuals on the other hand. This superficial 
examination of the subject indicates that Pearson has underestimated 
the importance of marital transmission of tuberculosis. 

Two factors impair the accuracy of statistics concerning the incidence 
of tuberculosis among those exposed. to infection in institutions or within 
the family: (a) A recognition of the frequency of latent apical tubercu- 
losis would suggest that many recover from infection and later die with 
other diseases. (b) The long latent period found with phthisis by 
Newsholme would greatly increase the difficulty of obtaining accurate 
statistics concerning the fate of infected individuals. Furthermore, it is 
possible that repeated focal infection of the lungs may induce lasting 
immunity against phthisis. 

The obvious method of determining how frequently patients with 
phthisis give a history of exposure to tuberculous infection is subject to 
many difficulties dependent upon the chronicity of the disease, upon the 
long latent period between exposure to infection on the one hand and 
obvious symptoms on the other, and upon the occurrence of latent 
disease which never produces recognizable symptoms or perhaps heals 
completely. Unless statistics of this kind are collected with great 
care they have little value, and a small number of cases accurately 
investigated are of greater significance than a large number studied by 
superficial inquiry. Among one hundred cases of phthisis minutely 
examined by Newsholme there was definite exposure of infection in 32 
per cent, possible exposure in 23 per cent and no satisfactory history of 
infection in 43 per cent, though in 18 per cent there was suspicion of 
temporary exposure to the disease. Newsholme suggests that a con- 
siderable number of the cases in which no source of infection can be dis- 
covered are explained by the fact that many individuals with open 
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tuberculosis are never seen by a doctor and indeed may not die as the 
result of the disease, so that an uncertain proportion of those suffering 
with phthisis receive their infection from unrecognized and casual 
sources. 


IS PHTHISIS THE RESULT OF INFECTION BY WAY OF THE INTESTINAL 
TRACT? 


Evidence furnished by Calmette and Calmette and Guérin (20) in 
favor of the intestinal origin of pulmonary tuberculosis is wholly different 
in character from that advanced by von Behring. In regard to the rela- 
tive susceptibility of the infantile lung, on the one hand, and of the adult 
lung, on the other, to infection by way of the intestine they are in entire 
disagreement with von Behring, for they think that the lymph nodes 
of the adult are far more permeable than those of the child, so that 
tubercle bacilli may pass from the intestine to the lung with greater 
readiness in the adult. 

Infection of the lung occurs in a few instances, Calmette thinks, 
through the respired air in spite of the many and very efficacious natural 
defenses which guard the upper respiratory tract; but, he says, it is 
manifest that the path to the pulmonary parenchyma followed by the 
tubercle bacillus is by way of the lymph and blood vessels, the portal of 
entry being the digestive tract. To produce primary tuberculous in- 
fection by inhalation, it is necessary to immobilize an animal for a long 
time in an atmosphere charged with liquid or dry particles containing 
tubercle bacilli, to expose it in an enclosed space to an atmosphere 
laden with talcum powder or debris of vegetable fibres mixed with dry 
sputum or to introduce into the experiment other abnormal conditions. 
Does not the normal asepsis of the respiratory tract, he asks, strongly 
attest the efficiency of its defensive apparatus unless impaired by lesions 
of the nasopharynx, larynx or large bronchi? Tuberculosis of the 
tracheal and bronchial lymph nodes furnishes no convincing evidence of ' 
respiratory infection, even if it is true that these lesions are secondary 
to pulmonary tuberculosis, for pulmonary nodules are often found in 
animals infected through the digestve tract. Calmette, Guérin and 
Breton (21) have found pulmonary lesions in a large number of guinea 
pigs to which bovine tubercle bacilli had been administered by an oeso- 
phageal tube or into the rectum. After four or five weeks the only 
lesions found were one or two tubercles, as large as the head of a pin, 
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within the lungs, together with extensive tuberculosis of the peribronchial 
lymph nodes. 

Calmette defines the difference between intestinal and alimentary 
infection, the latter being produced by infected food. The ingestion of 
milk of tuberculous cows is dangerous, but its importance has been exag- 
gerated. Far greater is the danger from human bacilli freshly expired 
from the lungs of a consumptive for these may be conveyed to the mouth 
and pharynx of one individual by a variety of direct and indirect means 
and thus cause infection by way of the intestine, that is, intestinal but 
not alimentary infection. 

Tuberculosis in pigs has attracted the attention of Calmette and of 
others who have supported the intestinal origin of the disease. American 
pigs, he says, which are fed exclusively upon corn are free from tuber- 
culosis, whereas the disease is common in the pigs of Europe which are 
fed upon unpasteurized waste of dairies. The ingested bacilli penetrate 
the intestinal wall and, entering into the blood or into the lymphatic 
circulation, are finally carried to distant organs and produce lesions in 
most instances in the pleura and bronchial lymph nodes. Many ob- 
servers, according to Calmette, have failed to infect animals by way of the 
digestive tract because they have not used tubercle bacilli in a finely 
divided state. Experiments by Calmette, Grysez and Guérin show that 
the bacilli are absorbed when administered as they occur in sputum or in 
milk, so that a single administration of the infectious material usually 
suffices to produce tuberculous lesions. In young animals these lesions 
in most instances remain localized for a time in the mesenteric lymph 
nodes, but in adults on the contrary according to Calmette they appear 
at once in the lungs. 

Calmette has attempted to support his views by tracing the path of 
entry of inert substances, namely, lamp black and similar material which 
occurs in particles as small as bacilli. Calmette, van Steenberghe and 
Grysez (22) have maintained that lamp black or india ink mixed with 
food penetrates the intestinal wall of a guinea pig and subsequently 
reaches the lung. He and his co-workers claim to have produced an- 
thracosis of the lungs and of the mediastinal lymph nodes demonstrable 
twenty-four hours after the administration of india ink through an 
oesophageal tube introduced into the stomach. 

The arguments of Calmette have been cited in order that the evidence 
bearing upon intestinal infection may be discussed. 
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Most of those who have attempted to infect animals by inhalation 
have not encountered the difficulties described by Calmette and by 
Baumgarten (23). In regard to the relative susceptibility to infection 
of the lungs and of the intestine almost all observers agree concerning 
the readiness with which infection is produced by inhalation. A few 
observations may be cited. Gebhardt (24) found that guinea pigs could 
be infected by inhalation of 800 tubercle bacilli whereas feeding with 
from 10 to 20 million microédrganisms was without result, that is, a pre- 
ponderance of at least 1 to 350. Similar results were obtained by 
Reichenbach (25), who infected guinea pigs by subjecting them to spray 
of an emulsion of tubercle bacilli administered through a funnel placed 
before the nose; infection followed the administration of 0.001 mgm.., 
or 40,000 tubercle bacilli, whereas no infection followed the feeding of 
0.35 mgm., or 14 million bacilli, though ten times this amount caused 
fatal infection. Findel (26) doubtless used a more virulent germ, for 
he succeeded in infecting guinea pigs by inhalation with from 20 to 60 
bacilli, whereas 20,000 administered by feeding failed to cause tubercu- 
losis. Kossel, Weber and Heuss (27) produced infection of a calf with 
1 mgm. of tubercle bacilli administered by inhalation, whereas the suc- 
cess of infection by 1000 mgm. was uncertain. Reichenbach infected 
goats by inhalation with 0.01 mgm. of tubercle bacilli, but was unsuc- 
cessful when he fed 5 mgm. Findel caused tuberculosis in dogs by the 
inhalation of 0.14 mgm., whereas the feeding of 63 mgm. did not produce 
the disease. 

Experiments of Calmette and Guérin furnish no evidence in proof of 
the intestinal origin of pulmonary tuberculosis. In suckling goats in- 
fected by milk of mothers with artificially produced bovine tuberculosis 
of the udder or by suspensions of tubercle bacilli of bovine type intro- 
duced into the stomach by an oesophageal tube there was massive 
tuberculosis of the mesenteric lymph nodes. Tuberculosis of the lung, 
these observers state, occurred secondarily when the mesenteric lymph 
nodes failed to retain the tubercle bacilli and permitted them to enter 
the lymphatic circulation. With human tubercle bacilli tuberculous 
lesions were limited to the mesenteric lymph nodes. In three adult 
goats infected with a carefully prepared emulsion of bovine tubercle 
bacilli introduced through an oesophageal sound, the mesenteric lymph 
nodes contained tubercles in all instances and the lungs were the site of 
more or less widely disseminated tuberculosis. To what extent the 
lungs were infected, by means of material forced by the oesophageal 


i 
4 


538 EUGENE L. OPIE 


tube into the trachea, cannot be determined. In so far as tuberculosis 
of the lungs occurred as the result of intestinal infection, it was secondary 
to readily recognizable lesions of the mesenteric lymph nodes. 

With regard to infection of the lungs by way of the intestine Mac- 
Fadyean, quoted by Cobbett (28), says: “Calmette must have entirely 
misunderstood the position of those who maintain that inhalation is the 
commonest method of natural infection in human and bovine tubercu- 
losis and have thought it necessary to prove what no one has ever denied, 
namely, that an animal infected with tuberculosis by ingestion may 
when killed or when it dies be found to have intrathoracic lesions. This 
is all that the experiments prove.” .The experiments of Ravenel and 
others have shown that tubercle bacilli may pass from the intestinal 
wall to the mesenteric lymph nodes and even into the blood. 

Observations of the British Royal Commission are summarized by 
Cobbett as follows: In guinea pigs which are fed with tubercle bacilli 
the earliest lesions are in the cervical lymph nodes and the lungs are 
affected only when the disease is completely generalized. When guinea 
pigs are infected by inhalation lesions appear first in the lungs long be- 
fore they are seen anywhere else. 

In goats which Reichenbach infected by inhalation, tuberculous 
lesions were limited to the lungs and bronchial lymph nodes, whereas 
in animals fed with at least 500 times the dose used in the inhalation 
experiments tuberculous lesions were found only in the mesenteric lymph 
nodes. 

The view that pulmonary anthracosis has its origin in the intestine is 
no longer tenable. The stomach tube does not prevent the penetration 
of lamp black or other finely divided particles into the lower respiratory 
passages but, as Schultze (29) has shown, is especially effective in forcing 
india ink past the epiglottis. If soot is fed to animals through an arti- 
ficial opening into the stomach no anthracosis occurs. Arloing and 
Forgeot (30) injected soot into the blood and found it deposited in 
abundance in the spleen, liver and bone marrow and only in trivial 
amount in the lungs. 

The introduction of india ink into the nose of rabbits by Mullin 
and Ryder (31) has produced patches of discoloration in the lungs and 
similar pigmentation of the bronchial lymph nodes. Carbon particles 
were distributed throughout the respiratory tract penetrating into the 
bronchi and alveoli of the lungs, and there was in these experiments no 
suggestion of absorption by way of the gastrointestinal tract, for the 
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cervical and mesenteric lymph nodes were entirely free from pigment. 
When a considerable quantity of india ink, namely, 1 cc., is introduced 
into the nose a part of it according to these experiments finds its way 
past the epiglottis into the trachea and lungs. When an emulsion of 
tubercle bacilli (0.5 cc.) was similarly introduced into the nose tubercle 
bacilli seem to have penetrated into the lower respiratory passages, for 
after seven weeks advanced tuberculosis limited to the lungs and bron- 
chial lymph nodes was found. The cervical lymph nodes, the mesenteric 
lymph nodes and the spleen contained no tuberculous lesions. 


EXPERIMENTAL PRODUCTION OF PHTHISIS 


When tubercle bacilli, capable of producing active tuberculosis, are 
introduced into a susceptible animal, a lesion is formed at the site of 
inoculation and dissemination occurs by way of the lymphatics and 
blood stream. This lesion, even if the lung is the primary site of inocu- 
lation, has little resemblance to the phthisis of adults. If, however, the 
resistance of the animal is increaSed by preceding infection, the modified 
lesion of the lung often presents a close resemblance to human phthisis. 

The tendency of tuberculosis to find lodgment in the lungs varies in 
different animals. In guinea pigs following subcutaneous inoculation 
with tubercle bacilli massive tuberculous lesions occur in the lymphatic 
nodes, the spleen and ‘the liver, whereas the lungs contain only miliary 
tubercles and do not exhibit caseation or cavity formation. Orth (32) 
states that the disposition of the lungs to tuberculosis is increased if the 
animals are first inoculated with tubercle bacilli of little virulence and 
then reinoculated with virulent microédrganisms. The pulmonary lesion 
in these immunized animals is characterized by massive caseation and 
cavity formation. The lungs of normal rabbits are more susceptible to 
tuberculosis than those of guinea pigs when the microdrganism is intro- 
duced by way of the subcutaneous tissue, but pulmonary tuberculosis 
with cavity formation is, Orth has found, more frequent in animals first 
infected with tubercle bacilli and later, after an interval of from three to 
six months, reinoculated with bovine tubercle bacilli, whether the second 
infection is by way of the subcutaneous tissue, peritoneal cavity or vein. 

A relative immunity from infection with virulent tubercle bacilli was 
produced by Levy, Blumenthal and Marxer (33) in guinea pigs previously 
inoculated with the same strain of tubercle bacilli attenuated by treat- 
ment with solutions of urea, grape sugar, galactose or glycerine. The 
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second infection caused death with tuberculosis, but these animals lived 
two or more months longer than the controls. In the immunized ani- 
mals there was advanced pulmonary tuberculosis, which was part of a 
generalized tuberculosis with extensive lesions in the liver and spleen 
and in over half of them cavities had formed within the lungs. Occa- 
sionally, similar cavities were formed, as the result of a chronic infection 
produced by a single inoculation with attenuated bacilli or by a minute 
dose of a virulent microérganism, so that Levy is inclined to believe that 
cavity formation is attributable to the longer course of the disease and 
should be regarded only indirectly as the result of immunization. 

Attenuated tubercle bacilli were used by Bartel and Neumann (34) 
to immunize guinea pigs against virulent tubercle bacilli. They found 
evidence of hypersusceptibility, increased resistance and in some in- 
stances complete immunity. Animals were inoculated by subcutaneous 
and by intraperitoneal injection. They think a special disposition of 
the bronchial lymph nodes and lungs to manifest tuberculosis is acquired 
by the immunized animal. The tendency of the tuberculous process to 
heal is indicated by new formation of fibrous tissue. Cavities were 
formed in some instances within the lungs. 

In exceptional instances chronic pulmonary tuberculosis with cavity 
formation has been found by Roemer (35) in guinea pigs which have 
suffered with long continued infection, persisting from a year to a year 
and a half after inoculation with weakly virulent or attenuated tubercle 
bacilli. With far greater certainty and after a shorter interval cavernous 
pulmonary tuberculosis is produced in guinea pigs which are partially 
protected by a preéxisting chronic tuberculosis. These animals are 
immune against a small dose of tubercle bacilli, but massive infection 
produces tuberculous cavities within the lungs. 

The degree of protection given by inoculation with nonvirulent tuber- 
cle bacilli (for instance Bovovaccine of Behring) varies according to Sei- 
bert (36) with the severity of the subsequent inoculation. He found, for 
example, that a guinea pig reinfected with a dose of virulent tubercle 
bacilli, which killed a normal animal in 30 days, lived 74 days. A dose 
which caused the death of fresh animals within an average of 38 days 
killed immunized animals after an average of 123 days and the anatomic 
changes of phthisis with cavity formation were found at autopsy. Rein- 
fected guinea pigs survived a dosage which was fatal to fresh animals 
after 54 days. In 70 infected animals there was chronic pulmonary 
tuberculosis with cavity formation and fibrosis, together with tubercu- 
losis in other organs. 
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Reinfection by intratracheal injection was produced by Bezangon 
and Serbonnes (37) in guinea pigs, first infected by subcutaneous inocu- 
lation with tubercle bacilli, and later tested to determine whether they 
possessed cutaneous hypersensibility to tubercle bacilli. A few of these 
animals exhibited dyspnoea and died within twenty-four or forty-eight 
hours. More frequently the animals survived and died with chronic 
fibroid tuberculosis which had little resemblance to the caseous pneu- 
monia produced by intratracheal injection of normal animals. Ani- 
mals, which received a primary intratracheal inoculation, died after 
from eleven to fifty-two days, whereas with reinfection animals which 
survived the first effects of the injection died after two months or more. 
With primary pulmonary infection tubercle bacilli were abundant in the 
pulmonary lesion whereas with reinfection they were found in small 
number. In two instances of pulmonary reinfection voluminous cavi- 
ties were formed within the lungs. 

With the purpose of reproducing the apical localization of human 
phthisis, Bacmeister (38) has constricted the upper part of the chest of 
growing rabbits by a band of wire passed in the back over the shoulder 
blades and over the vertebral column between first and second thoracic 
vertebra and crossing in front the sternum just below the first rib. The 
growth of one or other side of the chest is prevented by shortening the 
wire on this side. In animals in which one apex was compressed a 
localized apical tuberculosis followed hematogenous infection. Similar 
lesions were obtained in rabbits which inhaled a spray of tubercle 
bacilli, when ‘compression of the chest had begun four weeks before. 
Pressure upon the lung, Bacmeister thinks, mechanically occludes the 
lymphatics so that tubercle bacilli find lodgment in the peribronchial or 
perivascular lymphoid tissue. The end result is the same whether in- 
fection occurs by way of the blood or by way of the air passages. A 
disease resembling human phthisis, the author states, is produced in 
rabbits by the hematogenous or by the aerogenous route only when an 
older tuberculous lesion is already present in some part of the body. 
It is possible, he says, that the character of the apical lesion is deter- 
mined by a relative immunization of the animal. 

The conclusions of Bacmeister are not confirmed by Iwasaki (39), 
who has performed similar experiments, compressing the chest not by 
the wire ring which he finds unreliable but by resection of one of the 
first ribs. Iwasaki employed bovine bacilli in half of his experiments 
whereas Bacmeister used the human type. In those experiments in 
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which the human tubercle bacilli were used, as pointed out by Theobald 
Smith, the animals did not live long enough to permit the retrogression 
of tubercles in the caudal lobes and their full development in the apices. 

In goats which Neufeld (40) inoculated intravenously with 0.01 gm. 
of bovine bacilli, death occurred after an interval of from eighteen to 
forty-three days and numerous nodules which, in the later stages of the 
disease contained small cavities, were found in the lungs. In animals 
which received preliminary inoculation with human tubercle bacilli, 
there was evidence of incomplete immunity, for the disease sometimes 
lasted much longer and cavities as large as an apple and filled with 
purulent fluid were found in the lungs. Similar observations have been 


made by Weber and Titze. 
DISCUSSION AND CONCLUSIONS 


The lungs of adults with few exceptions exhibit evidence of tubercu- 
losis acquired in most instances during childhood. Should an adult be 
infected with the disease it may be assumed with small possibility of 
error that he has previously, perhaps repeatedly, undergone tuberculous 
infection. In those who have died with phthisis calcified focal lesions 
in the substance of the lung and in the adjacent lymphatic nodes are 
seldom missed, though the difficulty of demonstrating small lesions is 
much increased by the presence of extensive active tuberculosis with 
cavity formation. 

Experimental observations demonstrate very conclusively that the 
immunity conferred by the first infection is only relative and may al- 
ways be overcome by massive infection. Furthermore, this immunity 
diminishes when recovery occurs and disappears after the lesion has 
completely healed. ‘Only the tuberculous animal is immune.” 

With latent apical tuberculosis, such as occurs in the lungs of approxi- 
mately one-sixth of all persons who die from diseases other than phthisis, 
focal lesions in the lungs and in the regional lymphatic nodes can invari- 
ably be demonstrated. In two among eighteen instances of healed 
mesenteric tuberculosis, presumably primary in the intestine, encapsu- 
lated apical lesions were found in the lungs. 

When an animal suffering with tuberculosis is reinoculated there is an 
unusually active reaction with nercosis at the site of the second inocula- 
tion; but this lesion is not progressive, it tends to heal and no tubercu- 
losis of the regional lymphatic nodes ensues. This is ‘“Koch’s phe- 


PHTHISIOGENESIS 543 


nomenon.” With the focal pulmonary tuberculosis of children the regional 
lymph nodes at the hilum of the lung are implicated and the lesion has 
all the characters of a first infection in an experimental animal. The 
apical tuberculosis of adults on the contrary is unaccompanied by tuber- 
culosis of the lymph nodes at the hilum of the upper lobe and, pursuing 
a chronic course, resembles the second infection of experimental animals. 
This pulmonary tuberculosis of adults has little resemblance to the 
actively progressive, readily disseminated tuberculosis produced by the 
reinoculation of normal susceptible animals and can be reproduced 
in animals only after they have been partially immunized by a preceding 
infection with nonvirulent tubercle bacilli. 

The tuberculosis of adults which has been found among the aborigines 
of countries into which tuberculosis has been introduced by the more 
civilized races differs from that with which we are familiar. Westen- 
hoefer (41) has described tuberculosis among the Indians in Chili. 
Acute tuberculosis with massive caseous pneumonia involving whole 
lobes was found on one-third of the autopsies, the bronchial lymph nodes 
in most instances were enlarged and caseous, and there was little tendency 
to form fibrous tissue. 

Phthisis in most instances is not the result of an infection acquired in . 
childhood. It is not improbable that a small number of instances of 
phthisis acquired in childhood pursue an unusually chronic course and 
reach a fatal termination in adult life after the lapse of many years. 
Von Behring’s conception of tuberculosis acquired in early infancy ap- 
pears to be disproved by the severity and almost invariably fatal course 
of tuberculosis acquired during the first year of life. A positive tuber- 
culin reaction at this period is evidence of progressive tuberculosis and 
suggests a grave prognosis. 

Statistics concerning the incidence of tuberculosis among those who 
have lived as physicians and attendants in sanatoria for consumptives 
do not disprove the possibility of infection during adult life. Statistics 
regarding marital tuberculosis indicate that the disease may be trans- 
ferred from an infected person to a healthy consort. Clinical study 
furnishes many instances in which tuberculosis has occurred in adults 
brought into contact with patients suffering with consumption. The 
long latent period which intervenes between exposure and the develop- 
ment of recognizable symptoms tends to obscure the relation between 
infection and recognizable disease. The occurrence of encapsulated 
apical tuberculosis found in a sixth of the adults who die from causes 
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other than tuberculosis indicates that a large proportion of those who are 
infected never exhibit symptoms of phthisis. 

It is seldom if ever possible to demonstrate by anatomical examina- 
tion that apical tuberculosis of adults has spread from a focal lesion of 
childhood. In most instances of apical tuberculosis a focal lesion is 
present and it is evident that the apical lesion is not an extension of the 
focal process which is encapsulated and often firmly calcified. In at 
least one-half of all instances in which apical tuberculosis is limited to 
one lung the encapsulated focal lesion is found in the opposite lung. 
In several instances of apical tuberculosis a healed lesion which has 
doubtless arisen in childhood has been found in the mesenteric lymph 
nodes and no focal lesions have been present in the lungs. It is 
noteworthy that apical tuberculosis is most common at that period of 
life at which the lesions of childhood have undergone healing and 
calcification. 

The evidence which is available indicates that pulmonary tubercu- 
losis is an infection occurring by way of the air passages. Some have 
maintained that the tracheobronchial lymph nodes may be infected 
before the lung is implicated, but anatomic studies furnish abundant 
evidence that a pulmonary lesion is invariably present. Tuberculosis 
of the tracheobronchial lymph nodes with no obvious lesions of the 
lung has been found by Krause (42) in guinea pigs inoculated subcutane- 
ously with an attenuated strain of B. tuberculosis. All foreign particles 
within the blood stream, he points out, must pass through the lungs and 
the lymphatics of the lung converge toward the lymph nodes at its root, 
so that tubercle bacilli reaching the circulation from any part of the 
body may thus be concentrated within the tracheobronchial lymph 
nodes. Krause found no lesion within the lungs but does not exclude 
the possibility that infection of the lungs preceded that of the lymph 
nodes. Baldwin and Gardner (43) have found tuberculosis of the tra- 
cheobronchial lymph nodes in animals infected with the same attenuated 
microérganism employed by Krause. By injecting ground lung tissue 
from these animals into fresh guinea pigs they demonstrated that tubercle 
bacilli were present within the lungs during a period of from five to 
two hundred days after inoculation. 

Intestinal tuberculosis occurs in children and seldom arises in adult 
life. Calmette infected young goats very readily by feeding, but adult 
goats with great difficulty. Intestinal tuberculosis is followed by tuber- 
culosis of the mesenteric lymph nodes which may persist as an evidence 
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of preceding infection. Primary abdominal tuberculosis presumably 
caused by intestinal infection is in a large proportion of instances ref- 
erable to the bovine type of tubercle bacillus. Pulmonary tuberculosis, 
both in children and in adults, is almost invariably associated with the 
human type of bacillus. 

Experiments which have been cited prove very conclusively that a 
considerable variety of animals are far more susceptible to tubercle 
bacilli received through the air passages than to those which are ingested 
with the food and there is no reason for believing that the results of these 
experiments are not applicable to human beings. Furthermore, the 
experiments of Baldwin and of Rogers have shown that reinfection can 
be produced by inhalation in animals previously infected with tubercu- 
losis; tuberculous lesions of the lung are produced but no tuberculosis 
of the tracheobronchial lymph nodes follows. 

Adults enjoy a relative immunity from tuberculosis because they 
are already infected. This immunity is only relative, and can be over- 
come by reinfection with tubercle bacilli in considerable amount, or by 
conditions such as malnutrition which depress the resistance of the 
individual. Tuberculosis of the lungs of adults, that is, phthisis, is 
caused by tubercle bacilli which reach the lung by way of the air passages 
and measures adapted to prevent the dissemination of the microérgan- 
ism tend to limit the occurrence of the disease. 

Focal tuberculous lesions which become encapsulated and tend to 
heal are not associated with cavity formation and do not cause the dis- 
semination of tubercle bacilli. Pulmonary tuberculosis of adults is the 
most important source of dissemination of human bacilli and milk is the 
chief source of the bovine bacilli which infect children. Civilized races 
are permeated with tuberculosis and this permeation is their chief 
source of protection. Focal lesions which tend to heal are beneficial 
but they do not effectively protect from phthisis. Phthisis, in turn, 
is the chief source of the protection which is afforded by focal infection. 
Existing knowledge offers no escape from this dilemma. Further 
knowledge of the relation between focal infection and phthisis may 
ultimately result in the prevention of fatal tuberculosis. 
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THE HEREDITARY FACTOR IN THE ETIOLOGY OF 
TUBERCULOSIS 


ALBERT GOVAERTS! 
Eugenics Record Office, Cold Spring Harbor, Long Island, New York 


Three factors belong to the etiology of tuberculosis. These are: 1. 
The active factor or infection, involving the problems of age at infection, 
type, strain-virulence of the bacillus and natural and acquired immunity. 
2. The predispositional factor involving (1) prenatal influences (such as 
damaging of germ cells by toxins); (2) acquired susceptibility (under- 
feeding, former diseases, alchoholism); (3) genetic susceptibility or 
inherited susceptibility. Children become tuberculous because they 
belong to a stock showing weakness and nonresistance. 3. The occa- 
sional factor or organic disequilibrium; the cause exciting the develop- 
ment of the disease. 


1. THE PROBLEM 


Until the last part of the nineteenth century, medical literature attrib- 
uted tuberculosis to inheritance. Later, it became obvious that the 
disease itself was not inherited and the general opinion agreed with this 
latter idea. One cannot maintain that there are tuberculous patients 
without infection, but the hypothesis may be entertained that different 
individuals have the power to resist in different degrees and that the 
families of consumptives have a subnormal power of resistance which is 
transmitted from parents to children. 

What is the relative part of acquired or genetic susceptibility in the 
predispositional factor in the etiology of tuberculosis? Pearl (1) puts 
in clear terms the problem. In large cities, says Pearl, there are few 
persons who escape infection by tubercle bacilli at some time in 
their lives. Of the infected persons some develop active consumptive 
tuberculosis and others do not develop the disease in a clinical form. 
What factors determine the group into which a particular person shall 
fall, and what is the quantitative influence of particular factors making 
this determination? 
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The problem is complex. It is difficult to separate the case from the 
influence of the conditions of life. When one goes back a generation the 
diagnosis is sometimes uncertain. The obscure cases and the question 
of size, dose and virulence of infection also complicate the problem. 
Nevertheless, it would be advantageous, in order to reach a clear opinion 
and to help in the solution of this problem, to make a comparison of the 
results obtained by different methods and attack the problem by an 
analytical method. For these reasons I have engaged in this work. 


2. EVIDENCE AS TO THE INHERITANCE OF THE TUBERCULOUS 
DIATHESIS 


The special predisposition to contract tuberculosis ,has been called 
diathesis. Itis a constitutional component, possibly functional, chemical 
and structural, that causes the individual patient to develop, more 
easily than others, the symptoms of the disease. Evidence that the 
tuberculous diathesis is inherited is afforded by observations of racial 
and personal differences, by statistics and by experimental work. 


a. Observations 


Riffel (Baldwin (2)) observed several generations of tuberculous fami- 
lies where familial infection could fairly be excluded in some descendants 
who became tuberculous. 

Carriére (Baldwin (2)) claimed that the young of animals injected 
with toxins of tubercle bacilli showed more easily the symptoms of 
tuberculosis than those of control animals. 

Turban (Baldwin (2)) demonstrated that the disease was found to 
begin in the same lung of the parents and children. Seventy-eight per 
cent of 28 families where parental tuberculosis existed had children with 
the corresponding lung affected. In one family the father and four 
children had the same lung first affected. A. E. Mayer (3) gathered 
facts from which a fairly correct judgment can be formed. He studied 
112 tuberculous families at Davos Dorf, and found that in quite a large 
proportion of the victims who were related to one another the disease 
began at the same point in the lungs. Comparing his research with 
the similar work of Turban, Finkbeiner and others he reckons that in 
about 72 per cent of the families the starting point of the disease is 
characteristic. 
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According to Weinberg (4), of infants of tuberculous parents whose 
mothers died within one year after labor, 67.9 per cent died likewise 
within the first year of life, as against a normal death rate of 25 per cent. 
Of 57 per cent born alive, whose mothers died within four weeks of 
labor, 78.8 per cent died in the first year. 

Among human races there are big differences in the tendency to show 
signs of active tuberculosis. American Indians, Negroes, and especially 
mulattoes and Hawaiian Islanders, easily acquire tuberculosis in a fatal 
form. According to the Journal of Heredity (1917, viii, p. 177) tuberculosis 
was not known in America before the time of Columbus and natives 
were therefore unselected against it. When the whites and natives 
lived side by side and, similarly, when whites and negroes live side by 
side, the white man’s disease finds most of its victims among the darker 
race of natives. 

Davies (Baldwin (2)) concluded that consanguineous marriages for 
many centuries were chiefly responsible for the excessive amount of 
tuberculosis on the Isle of Man. On the other hand Lundborg (5) 
enumerates several arguments in support of the theory that racial homo- 
geneity is a powerful factor in preventing degenerative phenomena, 
including a predisposition to tuberculosis. The pure-bred Jew and 
Gipsy are comparatively immune to tuberculosis, even when living in 
poverty, but as soon as they intermarry with other races the immunity 
disappears. The mortality from tuberculosis in such hybrids is very 
high. In the south of Sweden, where the population is pure-bred, the 
incidence of mortality from tuberculosis is very low. Again in Iceland 
the low incidence of tuberculosis may be correlated with the racial 
isolation of its inhabitants. The same argument applies to the South 
of Italy, Sardinia and Sicily where the incidence of tuberculosis is low 
in spite of defective hygiene. On the other hand, countries, such as 
Poland and Austria, with a mixed population, suffer greatly from tuber- 
culosis. 

In the gigantic experiment in human genetics which has gone on in 
the United States from its beginning, one finds the same racial differences 
among the victims of Koch’s bacillus. L. Dublin (6) concludes that 
several races of foreign born population of New York are variable as to 
their vigor, measured by their mortality tables. The same races are 
also variable as to the principal causes of death. Concerning tubercu- 
losis and pneumonia, the ratios are given as in table 1. 
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Data collected by the War Department of physical examinations of 
drafted men and compiled by Love and Davenport (7) are not less 
significant. Tuberculosis gives a rate of 30 per 1000 men examined, 
constituting over 5.4 per cent of defects found. The higher rates fall 
in the States of Arizona, New Mexico, Colorado and California. ‘The 
reason for this,’ says Davenport, 


is that the described area included so many young men who have gone there 
because they were already victims of active tuberculosis. Perhaps some of 
the tuberculous are sons of men who have migrated to these Sates on account 
of nonresistance to tuberculosis and themselves show the family diathesis, 
The next most infected territories are the Nothern Pacific States, the New 
England States, and New York, and the group of States immediately south of 
the Mason and Dixon line, including Missouri, Louisiana, Mississippi and 


Georgia. 
TABLE 1 


Death rate per 100,000 persons born in specified countries 


CAUSES OF DEATH 


COUNTRY OF BIRTH OF DECEDENT Tuberculosis Pneumonia 


Males Females Males Females 


227.9 140.1 130.2 115.7 
182.7 110.2 145.0 156.1 
198.0 102.9 154.9 126.2 
472.4 248 .2 278.4 276.9 
117.2 156.7 217.4 223.7 
123.8 74.7 146.9 175.5 


New England has been long known as a region with a high rate of 
tuberculosis, associated with the large number of recent immigrants. 
The Southern Appalachians have numerous sanatoria for tuberculosis. 
The high rate in the Gulf States is probably due to the presence in them 
of a large proportion of Negroes and mulattoes, who are especially sus- 
ceptible to tuberculosis. Florida and South Carolina have a low rate 
for the Southern States, because they have the smallest populations of 
mulattoes, hybrids that apparently have a special susceptibility. The 
smallest rate of tuberculosis is found in the Great Plains and the northern 
part of the Rocky Mountains. This is an area occupied largely by a 
vigorous people. 

In general, where one finds a large incidence of tuberculosis there is 
found also a high rate of underweight, tonsillitis, defective physical 


England, Scotland and Wales................-. 
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development and deficient chest measurement. These facts are con- 
firmed in another study by the same authors (8). In 10,701 men found 
at mobilization camps to have pulmonary tuberculosis, the average 
stature is 68.07 inches, which is 0.58 inch greater than the average height 
of the first million of drafted men. The standard deviation of stature is 
2.74. The average weight is 130.44 pounds or 11 pounds below the 
average; and the standard deviation of the mean weight is 14.74. The 
chest circumference is on the average 32.09 inches or 1.13 inches below 
the general average. As for robustness, the index of build is 28.15, 
whereas the Pignet index is 30.27. To summarize, the average tuber- 
culous subject is tall, narrow chested and underweight. This work 
seems to indicate the presence of a type that is less resistant, and sus- 
ceptible to tuberculosis, which is mixed in the general population. 


b. Statistical studies 


Karl Pearson (9) studied the problem of the relative influence of 
heredity and environment, by use of the method of correlation between 
parent and offspring in respect to tuberculosis, and he concluded that 
the positive correlation, 0.50, which is found, is due to inheritance. He 
has also demonstrated by the same method that the correlation between 
husband and wife in the matter of tuberculosis is far less intense than 
that between parent and offspring and is of the order of that correlation 
between husband and wife which we associate with the selective mating 
that occurs for physical and mental characteristics in man. The follow- 
ing list of coefficients of correlation between parent and offspring (taken 
from Pearl (1)) will give some idea of their size in the case of various 
human traits: stature, 0.51; span, 0.46; forearm, 0.50; deaf mutism, 
0.54; insanity, 0.53; phthisis, 0.50. Goring (10), investigating tubercu- 
losis in lower social grades, found the same correlation between parent 
and offspring as Pearson, but the marital correlation for all the tubercu- 
lous is 0.01, and for well to do and prosperous classes, 0.16. It is easy 
to understand the variation of selective mating, that is, with the grade 
of intellectual taste. Pearson finds that like mates with like more com- 
monly in the more intellectual classes. It is more likely to occur in 
middle classes than in poorer classes that both parents are tuberculous. 
The difference is probably due to a selective influence which does not 
exist among the poor. 

The following list of coefficients of correlation are these calculated 
with our material: between parents and offspring, 0.449; between father 
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and offspring, 0.352; between mother and offspring, 0.304; degree of 
assortative mating between husband and wife, 0.128. 

Pearl speaks about his own experiments that are going on and the 
results of which will be interesting. He finds “that a tuberculous person, 
chosen at random in the working population of Baltimore, will have 
nearly six times as many blood relatives tuberculous as will a nontuber- 
culous person.” 


c. Experimental studies 


The subject is checked and verified by direct experimental evidence in 
the laboratory. Wright and Lewis (11) have studied factors in the 
resistance of guinea pigs to tuberculosis with special regard to inbreeding 
and heredity. Their experiments on the effects of inbreeding on guinea 
pigs have been carried on since 1906; over 30,000 animals have been 
recorded. The subject of the study was the average vigor, including 
frequency and size of litters, growth from birth to maturity, mortality 
at birth and later resistance to tuberculosis. They find that certain 
families are still vigorous after more than twenty generations of brother 
and sister matings. The inbreeding cannot be said to have a specific 
deleterious effect on general vigor. In general, a particular combination 
of vigor in some respects, with weakness in others, has become charac- 
teristic of each of the twenty-three families. The differences are clearly 
hereditary and due to independent factors. On crossing two inbred 
families, there is a marked improvement in every respect, either in the 
first or second generation, according as the character is one which de- 
pends on the heredity of the young themselves or on the dam. Other 
characters depend on both the sire and dam (frequency of litters). 

The resistance to tuberculosis has been tested on over 1100 guinea pigs 
belonging to five closely inbred families, to the crosses between these 
families and to a control stock. It has been found that sex and three- 
fold differences in age, rate of gain and weight have only a slight effect-on 
length of life after inoculation. The situation is parallel with respect 
to fertility, weight and vitality. Though heredity can hardly be 
demonstrated in the foundation stock, widely divergent strains appear 
in all cases on inbreeding. That independent hereditary factors are 
involved, not merely differences in general vigor, is shown by the lack 
of relation between the rank of the families in resistance to tuberculosis 
and in other respects. The progeny of crosses is at least equal to that 
of the better of the two parental families. 
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Resistance is thus dominant over susceptibility. There is equal 
transmission by sire and dam, and to sons and daughters. In particular 
crosses, the average of the progeny is consistently superior to either 
parental line, indicating that the latter are susceptible for different 
reasons, each being able to supply what the other lacks. In the total 
crossbred stock, over 30 per cent of the observed variation is determined 
by the amount of blood from the best inbred family, 10 per cent is due 
to age, weight and condition, and 60 per cent due to accidental conditions 
or unknown causes following inoculation. 


3. THE ANALYTICAL METHOD 


1. Method of investigation. Now the problem must be attacked by an 
analytical method. The method employed in this study is that of the 
Eugenics Record Office. Instead of collecting numerous cases of 
statistics, a more intensive inquiry is made of special cases. For this 
purpose, field workers are employed who secure interviews with patients 
and their relatives and secure data concerning their ancestry. Thus, 
they collect valuable data about the individuals, correlated with their 
family and surroundings, considering especially the household, habits, 
mental and social status. Other data are obtained from the subjects 
themselves. All of these schedules and records are carefully examined 
and indexed and preserved by the Eugenics Record Office, which is a 
valuable clearing house of American family traits. By far the greater 
number of families studied are scattered through the rural communities 
or the United States. This population includes people who are able to 
make adjustments demanded by their surroundings. Some of these 
are farmers, gardeners, workman, and so on. They live, in general, 
under good and normal conditions. The questionnaire used for this 
study is the record of family traits. Some records have been excluded 
because of incompleteness, doubtful accuracy or various other causes. 
Each record has been carefully analyzed, and a pedigree charted for it. 
No special selection has been made among the persons concerned other 
than the tabulating of those records that included one or more cases of 
tuberculosis or other respiratory diseases in the offspring, in the parental 
or grandparental generation. In examining the data, chief reliance has 
been placed on the answers of the patients to the following questions: 
birthplace, principal residence, age of marriage, total number of sons 
and daughters, age of those that died early, occupations at successive 
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ages, minor diseases to which there was special susceptibility, grave 
illnesses, if dead cause and age of death, special tastes and peculiarities 
of mind and body, age when description is given, adult or present height 
(in inches), and adult or present weight (in pounds). At the same time 
care was taken to find out the degree and duration of familial contact 
with tuberculosis of the lungs. Height, weight, and sometimes the 
index of build and the date of the removal from the town of birth of 
members of the family, have been very useful in indicating the relative 
influence of environment and heredity. Each population was classified 
and subdivided according to tuberculous, nontuberculous, suspect, and 
respiratory disease (this latter class includes adenoids, hypertrophic 
tonsillitis, bronchitis, congestion of the lungs, pneumonia and pleurisy), 
All cases were gathered into different tabulations showing the results in 
a comprehensive form. These tabulations are: 

1. Frequency of tuberculous or nontuberculous in the whole 
population. 

2. Frequency of the same classes in the offspring classified according 
to close and nonclose contact with tuberculosis of the lungs. 

3. Distribution of the offspring according to the pathological character 
of the parents and grandparents. 

4, Distribution of the offspring according to the matings, classified 
genetically. 


2. The results. This study includes 214 families, in which 185 tuber- 
culous matings and 29 nontuberculous matings were found. The whole 
population represents 5,629 individuals. We call a tuberculous mating 
one in which the father or the mother, one or both, are tuberculous or 
whose fraternity and ancestry are tuberculous. Nontuberculous mat- 
ings are matings in which no member of the family is tuberculous or 
belongs to a tuberculous stock. ‘Table 2 and chart 1 show the distri- 
bution of cases of tuberculosis, nontuberculosis, suspects, and respiratory 
diseases in the offspring, the parental and the grandparental genera- 
tions. Reading this table, top to bottom, the striking fact is the unequal 
proportions from tuberculous matings. -The tuberculous stock remains 
nearly always at the same level while the respiratory class has a tendency 
to decrease, whereas the nontuberculous is increasing. This depends 
upon the population which is not the same in each generation. It is 
obvious that it is easier to know the fraternity of the parental generation 
than the grandparental generation. This inequality cannot greatly 
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influence the general results, because, in an eugenical inquiry, the near- 
ness in the degree of kin or connection is more important than the length 
of the direct line of descent. The striking result of this tabulation is the 
high proportion of tuberculous children in the defective strain and the 
high proportion of normal children in the nontuberculous strain. Taking 
an individual at random, the chances that he may be tuberculous will be 
higher if he is from a tuberculous family than if he belongs to a healthy 
family. These differences among the population of two kinds of mat- 
ings suggest a strong presumption that heredity plays an important part 
in the etiology of tuberculosis. 


TABLE 2 


Frequency occurrence of tuberculosis among the blood relatives and fraternities of 185 tuberculous 
matings and of 29 nontuberculous matings 


BLOOD RELATIVES PERCENTAGES 
SUBJECT’S HISTORY 
(SUBJECT AND FRATERNITY) 


R. D. R. D. 


Filial Tb. 
Generation N. Tb. 
Parental Tb. 
Generation N. Tb. 
G4 Parental Tb. 
Generation N. Tb. 


Tb. 
N. Tb. 


Tb. = tuberculous. 


S. = suspect. 
R. D. = respiratory disease. 
N. Tb. = nontuberculous. 


The next step is to analyze the elements of this probable heredity. 
With the aim of eliminating the possibility of the infection factor, it is 
necessary to control the stock studied. The classes of the filial genera- 
tion are subdivided into two groups, namely, close contact and nonclose 
contact with tuberculosis of the lungs. Close contact means a close 
contact with a case of tuberculosis of the lungs during the whole or a 
part of life; nonclose contact implies the opposite. Suppose tubercu- 
losis is caused only by poor conditions of life, only by infection; then the 
percentage of tuberculous will be very high in the close contact subclass 
and the nontuberculosis percentage will be low in the nonclose contact. 
It is found, in fact, that the majority of nontuberculous have not been in 
contact; but, besides this, there is a high percentage of such persons who 
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have been in close contact with a tuberculous person. The percentage of 
cases of tuberculosis and respiratory diseases who have been in nonclose 
contact is higher than of those who have been in close contact. This is 
the opposite from the result expected, assuming the contagion to be only 
the cause of the disease. In this material, it seems, the surroundings 
and the infection have not played the predominant part. The results 
and percentages are summarized in table 3 and chart 2. Let us consider 
now, by hypothesis, that tuberculous and nontuberculous are allelomorphs 


TABLE 3 


Frequency of cases of tuberculous, suspects, respiratory disease and nontuberculous, according to 
contact and parentage among the offspring of the family histories 


OFFSPRING 


NATURE OF MATINGS 


rs) 
§ 


WE 
alanrawuw 


NS 


119 


c.c.: implies close contact with a case of tuberculosis of the lungs. 

n.c.c.: means no close contact with a case of tuberculosis of the lungs. 

Matings are arranged in accordance with a various combination of two characters, namely, 
tuberculous and nontuberculous. 


and let us arrange the offspring according to the various kinds of parental 
combinations with one or both of these characters. 

There are nine groups as follows: 

1. Both parents normal: NV x NV. 

2. Father nontuberculous but of tuberculous strain and mother non- 
tuberculous: N (T) XN. 

3. Father nontuberculous and mother nontuberculous but of tuber- 
culous strain: N X N (T). 

4. Both parents nontuberculous but of tuberculous strain: N (T) 
XN (T). 


| 
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5. Father tuberculous and mother nontuberculous: T x N 
6. Father nontuberculous and mother tuberculous: N x T 
7. Father nontuberculous but of tuberculous strain and mother 
tuberculous: NV (7) T 

8. Father tuberculous and mother nontuberculous but of tuberculous 
strain: T <X N (T) 

9. Both parents tuberculous: T xX T. 

The parents are of tuberculous strain when they have in their families 
or ancestries tuberculosis or members susceptible to this disease or 
frequent respiratory diseases. In this order of parentage, the tubercu- 
lous influence increases from no. 1 tono. 9. The results are collected in 


30 


Cart 2. FREQUENCY REDUCED TO PERCENTAGES OF THE OFFSPRING POPULATION, CLASSI- 
FIED AS TUBERCULOUS, SUSPECTS AND RESPIRATORY DISEASES, ACCORDING TO THE 
PRESENCE OR ABSENCE OF CLOSE CONTACT WITH TUBERCULOUS INDIVIDUALS 


N.Tb. = nontuberculous. 
Tb. = tuberculous. 

R.D. = respiratory disease. 

S.S. = suspect. 

m.c.c. = non-close contact with a case of tuberculosis of the lung. 
¢.c. = Close contact with a case of tuberculosis of the lung. 


tables 3 and 4, and charts 3 and 4. Let us analyze and compare these 
tables. When both parents are normal there is a high incidence of non- 
tuberculous children; when both parents are tuberculous a high rate of 
tuberculous is found in the offspring. This confirms the above finding, 
that is to say, that the tuberculous progeny are less numerous when the 
parents are normal. But when a tuberculous taint is introduced into 
normal blood, as in classes 2 and 3, the percentage of defective offspring 
increases suddenly. As chart 4 shows, this increase is chiefly in the 
“respiratory” class. When this taint is introduced by the father (mat- 
ing no. 3) the general proportion of defectives remains at the same level 
as when introduced by the mother, but there is more active tuberculosis. 
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TABLE 4 


Absolute numbers and percentages of cases of tuberculous, suspects, respiratory diseases, accord- 
ing to the parentage among the offspring of the family histories 


DEFECTS IN THE OFFSPRING 


Absolute numbers Percentages 


S. |R. D. R. D. 


NXN 
N X N(T) 
N(T) XN 

N(T) X N(T) 

TXN 

NXT 
N(T) X T 
T X N(T) 


dS 


Tb. = tuberculous. 

S. = suspect. 

R.D. = respiratory disease. 

N.Tb. = nontuberculous. 

Defectives: implies tuberculous, suspects, respiratory disease among the offspring. 


Thus, when the father carries the defect, the tuberculous class increases; 


when the mother does, the respiratory class increases. Probably, this 
result is because the defect is carried by the nucleus and not by the 
cytoplasm of the gamete. This finding is evidence that the result de- 
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Caart 3. SHOWING THE PROPORTION OF ACTIVE TUBERCULOSIS AND ITS ABSENCE IN THE 
OFFSPRING, ACCORDING TO THE NATURE OF THE MATING 


Black: defective. Clear: nontuberculous 
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pends on a genetic influence. In class 4, where both parents are tainted, 
there is a rather high percentage of tuberculous, with a large number of 
persons suffering from respiratory disease. Let us examine what 
happens when the tuberculous diathesis is directly transmitted through 
one or both parents. There is a progressive increase of tuberculous 
and decrease of nontuberculous offspring. When it is the mother, the 
increase is found chiefly in the respiratory class. This indicates the same 
paternal influence as found in class 2. When one parent is tuberculous 
and the other tainted (mating types 7 and 8) the level of both classes is 


Cart 5. SHOWING THE INFLUENCE OF THE MATING ON THE BEHAVIOR OF THE CHARACTERS 
Circle: female. Square: male. Black: tuberculosis. White: normal 


The first dysgenical marriage (I) introduces tuberculosis into a strong family. Tuberculosis 
reappears when a nontuberculous offspring mates with a tuberculous person. The mating of 
a tuberculous person with a member of a strong family dilutes the defect, which disappears 
in the IV and V generations. 
high and the tuberculous and respiratory diseases are in nearly equal 
percentage. This means that the defect is more profound when it is 
carried by the gametes of both parents. In general, the suspect class 
includes few members. But its variability in numbers is correlated more 
strongly with that of the tuberculous progeny than with that of the 
respiratory diseases. From such analysis and comparison two obser- 
vations follow most clearly, namely, 

1. The different percentages of defective or normal offspring are correlated 
with the quality of their parents. 
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2. The defect or taint ts carried in the parental gametes. 
Thus the tuberculous diathesis is not inherited always in the same 
degree, but in different degrees depending on the gametic constitution 
of the individual. 

One fact stands out clearly in these statistics: that is, that a larger 
proportion of the offspring are nontuberculous when the mother alone 
shows active tuberculosis than when the father alone shows it. We 
should not expect this if active tuberculosis depends on prolonged and 
repeated contact, because the contact of a child with its mother is 
generally closer than with its father. Wherever the paternal stock 
alone is known to be tainted, more of the children show active tubercu- 
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Cuart 6. SHOWING A MATING oF Two TUBERCULOUS PARENTS 


Square: male. Circle: female. Black symbols indicate tuberculous and striped sym- 
bols respiratory disease. 


losis than when the maternal alone is known to be tainted. This sug- 
gests that a nonresistant sperm is more injurious to the zygote than a 
nonresistant egg. On the other hand, when one parent alone is tainted 
or has active tuberculosis, there is nearly twice as much respiratory 
disease in the offspring when that parent is the mother as when it is the 
father. Thus: 


Percentage of respiratory disease when father alone is tuberculous: 


Percentage of respiratory disease when mother alone is tuberculous: 
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The question now arises whether the distribution of active tubercu- 
losis, suspects, and respiratory disease, and nontuberculosis in the off- 
spring agrees at all with Mendelian expectation. It can hardly be 
expected that it will agree closely, for the following reasons: First, 
because many of the offspring are still too young to show fully their 
potentialities. In consequence, the proportion of nontuberculous 
children will usually be too great. Second, because, as Wright and 
Lewis point out, there is such a thing as destroying by extremely bad 
conditions of life a naturally good resistance. This will tend to result in 
the occasional appearance of tuberculosis where it would not be expected 
under average conditions. Also, there are undoubtedly errors of classi- 
fication of parents due to insufficient knowledge. From all of these and 
other causes, a very close correspondence between calculated and ob- 
served results cannot be anticipated. Therefore, if we do not deny the 
réle played by environment, we cannot similarly deny that played by 
heredity. It is improbable that environment alone determines the inci- 
dence rate of active tuberculosis. 


SUMMARY 


1. In the etiology of tuberculosis, three factors are recognized, namely; 
(1) active factor or infection, (2) predispositional factor including ac- 
quired and genetic susceptibility, and (3) incidental factor. 

2. Biometrical and statistical studies agree in indicating a high corre- 
lation in inheritance of tuberculosis between parents and offspring. 

3. Experimental studies on guinea pigs indicate that the resistant 
character is dominant over the susceptibility to tuberculosis. 

4, The analysis of 214 families has established the following facts: 

(a) The percentage of tuberculous offspring is higher in tuberculous 
families. 

(b) In the same surroundings, there is a greater occurrence of 

‘tuberculous without than with close contact. This holds for the cases 
of suspects and respiratory diseases. 

(c) In the distribution of the offspring according to parental and 
ancestral combinations, the percentage of the tuberculous increases and 
that of the nontuberculous decreases with the degree of the ancestral 
tuberculous influence. 

(d) There is a parental influence by which the defect is introduced. 
Thus the defect is doubtless carried by the gametes. 
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(e) The maternal influence is very slight and there is no evidence of 
a prenatal influence. 

(f) The variation of tuberculous, suspects, and respiratory diseases 
among the defectives indicates the presence of an inherited character, 
which is the constitutional component called diathesis. Of these there 
are biotypes. 

(g) Among the biotypes there are those who are more resistant, 
less resistant and nonresistant. 


CONCLUSIONS 


One cannot maintain that there can be tuberculosis without infection, 
but various considerations may still be urged to support the view that 
different persons have the power to resist the infection in different degrees 
and that in consumptive families a lack of resisting power is transmitted 
from gametes to children. The tubercle bacillus is everywhere about us. 
Some people entirely escape its attacks, while in others the disease may 
occur in such a slight form that the person attacked recovers from it 
without being aware that anything has been wrong. 

Tuberculosis is not an inheritable character in the sense in which 
eye color is inheritable. It belongs to a second kind of heredity called 
indirect heredity. Infection and immunity are causes, but they do not 
exclude inheritance. Biologically speaking, people inherit directly a 
constitutional make-up, possibly functional, chemical and structural, 
with a certain amount of power to resist tuberculosis or other related 
diseases. 

From the social and eugenical point of view it is very important that 
resistance to tuberculosis is transmitted approximately in a Mendelian 
sense. So it seems possible to establish some principles based on the law 
of the averages. 

From present knowledge no one is able to give advice to normal 
persons or one apparently normal for a contemplated marriage. Advice 
is possible only in extreme cases and we need still more minute investiga- 
tions and studies. Nevertheless, it will be useful to dissuade marriage 
between two stocks in which the same defect is apparent. In such stocks 
consanguineous marriages are dangerous. A tuberculous subject will 
find more advantage for his progeny by marrying a person belonging to 
a resistant strain. Eugenical marriages should be between normals and 
those free from defects. 
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In the future it is necessary that each individual preserve for himself 
the life book of ancestors, fraternities, and the biological and medical 
events from birth throughout life. Whenever individuals cannot give a 
complete account of the members of both the branches of the family, 
these members should be interviewed by specially trained men. At 
present the physician cannot content himself with a superficial inquiry 
as to health of parents, brothers, and sisters of the patient. It is neces- 
sary for him to get a complete history. It is hoped that the numerous 
physicians engaged in the different specialities will collect a larger num- 
ber of complete pedigrees of those diseases and conditions which are 
known to be frequently inherited. I believe that a large amount of 
valuable data can thus be obtained and much light can be thrown on the 
obscure problem of etiology and help obtained for social and eugenical 


science. 


This work has been done at the Eugenics Record Office, Cold Spring Harbor, Long Island, 
New York. I owe a large debt of gratitude to Dr. Chas. B. Davenport, Director of the 
Department of Genetics of the Carnegie Institution of Washington, for many suggestions 
and a great deal of advice and assistance. I am also indebted to Dr. H. H. Laughlin, Assist- 
ant Director, in charge of the Eugenics Record Office, whose sympathy has made possible 


the present study. 


Note: The full tables upon which the summarized tables of this study are based have 
been deposited at the Eugenics Record Office Cold Spring Harbor, Long Island, New York. 
Upon request they will be sent for inspection to any qualified student of the subject. 
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A POSSIBLE MODE OF TRANSMISSION OF INFECTION 
IN TUBERCULOSIS 


S. J. SHIPMAN anp A. G. FOORD 
From the Colfax School for the Tuberculous, Colfax, California 


~ While the matter of childhood versus adult infection is by no means a 
settled question, it is, we think, safe to assume that the majority of 
tuberculous infections occur before adolescence. Of chief concem, 
therefore, is the protection of the child against infection, particularly 
that with large numbers of tubercle bacilli. 

With this in mind we have asked ourselves how frequently, if at all, the 
children of tuberculous parents become infected, not by direct contact 
with the diseased parent but by the necessarily close contact with the 
healthy parent. The question is pertinent only in those instances in 
which the family lives with the invalid; but these form the majority of 
families with one or more members with tuberculosis. 

To state in a clearer manner the problem we have attempted to 
answer we may ask: Does the young child of a tuberculous father, living 
under the same roof, stand in danger of infection provided the mother 
kisses the father and subsequently kisses the child?” The words father 
and mother are used to state the problem only; the names of other 
relatives might be substituted. 

Admittedly, the question presupposes a condition of things which 
should never exist. A tuberculous mate should not kiss his or her con- 
sort. A young child should not be kissed, particularly upon the mouth. 
Yet both of these principles are constantly violated, not only by the 
wilfully careless but also by those whose disease is as yet neither mani- 
fest nor discovered. For the former group we have felt that there could 
be no more effective cudgel of warning than adequate, scientific proof 
of the danger. 

Brown, Petroff and Pesquera (1) have shown that tubercle bacilli 
may be transmitted to a sterile petri dish by the kisses of sputum-positive 
patients. The transmission occurred most readily in the early morning 
hours, immediately and ten minutes after coughing. Guinea pigs, 
inoculated with washings of plates kissed twenty minutes after coughing, 


remained free from tuberculosis. 
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We desired to carry the experiment a step farther to see whether the 
bacilli could be carried through an intermediary, nontuberculous person. 

Five married couples were chosen. In this way it was felt that no 
subsequent breakdown on the part of the healthy participant could be 
ascribed to the experiment itself. The exposure had previously been 
long and frequent. As a safeguard, samples of sputum were requested 
from the healthy consorts. In only one case was any sputum raised, 
and this proved negative on repeated examination. Chest and X-ray 
examinations revealed nothing abnormal. The healthy consorts were, 
therefore, assumed to be actually free from tuberculous disease. 

The diseased mates were proved to have a positive sputum (Gaffky 
VI to VIII) before the experiment was begun. These, as it happened, 
were all males. The wives were, as stated above, healthy. 

In the morning, before breakfast and before cleansing the mouth in 
any way, the tuberculous husband kissed his wife, and the latter in turn 
kissed a sterile petri dish in several places. A few cubic centimetres of 
sterile physiological salt solution were immediately added to each plate, 
to keep the microérganisms from drying, and the mixture was injected 
intraperitoneally into a guinea pig, except for about 0.5 cc., which was 
treated according to Petroff’s method and the sediment used to inoculate 
two tubes, in each case, of Petroff’s media. The husband at the same 
time kissed a similar plate which was similarly treated. Fifteen and 
thirty minutes later the procedure was repeated. 

The guinea pigs used were kept in groups in five separate cages, one 
cage for the test animals for each couple. At the end of one month all 
were tested with O.T. intracutaneously, 0.1 cc. in a 1 to 10 dilution. 
Consequently, each guinea pig received approximately 10 mgm. O.T. 

At the end of forty-seven days the guinea pigs were killed and ex- 
amined. Microscopic sections were made of every organ which showed 
obvious or suspicious tuberculous changes. Smears were also made of 
obvious or suspicious tubercles, and search for bacilli made by the 
Ziehl-Nielsen method. The results are presented in table 1. 

It is evident from table 1 that in two cases of five persons kissed by 
tuberculous consorts enough microérganisms were implanted on the 
lips to cause the kissing on glass by these persons to yield sufficient 
tubercle bacilli to infect a guinea pig. In one case the bacilli remained 
on the lips of the kissed wife for fifteen minutes in numbers sufficient to 
infect. Unfortunately, all of the guinea pigs of the thirty minute group 
died from exposure to cold. Consequently, we have no data as to 
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whether the bacilli persist upon the kissed lips for longer than fifteen 
minutes. 

In only one case was a guinea pig infected from the material on a 
plate kissed by the husbands in the series. However, growth occurred 
on Petroff media in the case of Mr. C., while the guinea pig remained free 
from infection. We venture to suggest that the part of the sample 
used to inoculate the tube contained enough viable germs (or possibly 
only one viable bacillus) to cause growth; whereas, in the fraction used 
to inoculate the guinea pig there were not enough present to cause in- 
fection, it being a matter of uneven distribution in the salt solution. 

In the case of Mrs. O. the guinea pig injected with the material from 
the plate kissed by her immediately after being kissed by Mr. O. de- 
veloped some tuberculosis, while the guinea pig injected with the solu- 
tion from the plate kissed directly by Mr. O. escaped infection. Possi- 
bly this may be explained on a mechanical basis. A small fleck of 
sputum containing enough bacilli to infect a guinea pig may have been 
deposited upon Mrs. O’s. lips when kissed, whereas, in the kissing of the 
petri dish by Mr. O not enough bacilli were transmitted to cause infection 
of the animal. 

In all cases in which the guinea pigs gave a positive tuberculin reac- 
tion demonstrable tuberculous disease was present, and, conversely, 
when the test was negative no tuberculosis was found. Microscopic 
examination showed more extensive disease than was expected from the 
gross pathological changes in most of the guinea pigs, but did not reveal 
any tuberculosis which was not visible to the naked eye in any animal. 


TRANSMISSIBILITY OF OTHER BACTERIA 


As a subsidiary experiment the transmissibility of other bacteria from 
mouth to mouth was studied, for an examination of the foregoing ex- 
periment naturally suggested the possibility of the transmission of viable, 
virulent germs from an infected individual or carrier through another, 
possibly an immune, to a third person. 

Bloomfield (2) has shown that inanimate particles (carbon) are re- 
moved from the mouth in from fifteen to thirty minutes, and that bacteria 
are also removed rather quickly, being carried backward by oral cur- 
rents. Bacteria placed upon the lips, however, are not subject to these 
influences except as they are carried into the mouth by licking the lips 
with the tongue. It might be assumed, therefore, that those trans- 
mitted by kissing would remain longer than those introduced directly 
into the mouth. 
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In this study five couples were used and a fine suspension of Bacillus 
prodigiosus in salt solution sprayed into the half-open mouths of the 
men in the series, the lips and tongue receiving the greater part of the 
spray. Immediately thereafter each man kissed his mate, after which 
both kissed petri dishes of plain agar and sterile pieces of potato, about 
three inches in diameter, contained in large ointment tins. Fifteen 
minutes later, again at thirty minutes, and finally at one hour after 
being kissed, the women in the series kissed agar plates and potato as 
before. In one case two and one-half hours elapsed before the final 
plate and potato were kissed. The plates and potatoes were then 
placed in a corner in the dark, where the temperature was even and 
approximately 20° to 25°C. Growth was luxuriant in forty-eight hours 
when the readings were made. 


TABLE 2 


INDIVIDUAL KISSED 


INDIVIDUAL KISSING 


Immediately 15 minutes 30 minutes 60 minutes 


Agar Potato Agar Potato Agar Potato| Agar | Potato} Agar | Potato 
1 +++ ++ + + + 
2 + ptt] + t+ 
3 +++] + [++] +] 0 | + + 
4 0 | +] 0] +] + 4 4+ 
S| ++ | +++ ++ +] +] +] + 


In table 2 one plus means a few scattered colonies, 2 plus twenty-five 
or more, and four plus a diffuse growth completely covering the areas 
kissed. 


SUMMARY AND CONCLUSIONS 


1. Tuberculosis may be transmitted by a healthy person by kissing. 

2. The period of infectivity of the noninfected person is at least 
fifteen minutes. 4 

3. In the present series positive results were secured in two, or twenty 
per cent, of the cases. 


The authors wish to acknowledge their indebtedness to Dr. R. A. Peers whose aid and 
encouragement made this work possible. 
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PERMANENT PULMONARY EFFECTS OF GAS IN 
WARFARE 


JOHN L. HANKINS anp WALTER C. KLOTZ 


National Soldiers’ Home, Johnson City, Tennessee 


The significant features in connection with ultimate effects of gas in 
warfare are (1) the possible relation to permanent functional impair- 
ment and vocational handicap, (2) the etiological relation to later mani- 
festations of tuberculosis and (3) the differentiation of tuberculous 
manifestations from those produced by gas. In order not to confuse 
the issue, only the first point, namely, the one of functional impairment 
has been especially considered in this study, for the reason that it seemed 
the most important practically. 

Before proceeding to an analysis of our own cases it may be of interest 
to recall briefly the findings noted by observers more recently after the 
war. Special reference may be made to the work of Winternitz and his 
findings in experiments on animals (1). The changes noted in these 
experiments were the same as those found in human cadavers and con- 
sisted of a thickening of the mucous membrane of the respiratory tract 
from the trachea to the finest bronchioles, extending even to the alveolar 
passages, with organization of the proliferated tissues. This inflamma- 
tory process would lead to stenosis or partial obliteration of the air 
passages and result in emphysema or atalectasis. Now that more than 
three years have elapsed since the effects were originally produced, it 
seemed of interest to determine to what degree they had persisted and 
of still greater interest to determine to what degree they might remain 
permanently. 

For the purpose of this study 166 cases were selected from among 
3837 ‘patients treated at the Johnson City National Sanatorium who 
gave a very definite history of having been gassed during their military 
service, and had been hospitalized on account of gas effects. In none of 
these patients had the period of hospitalization on account of gas been 
less than twenty days, while in some of them it had extended over three 
months. This point was emphasized in order to exclude such patients 
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who might have had only slight effects as a result of gas, and in whom, 
therefore, marked anatomic effects would not be expected. Many for- 
mer service men, if simply asked the question as to whether they had 
been gassed, might answer in the affirmative, even if the exposure might 
have been insufficient to produce any serious or harmful results. At- 
tempts were made at first to group these patients according to the kind 
of gas to which they had been exposed, but it was realized that any 
information of this kind was apt to be misleading. Many stated that 
they had been exposed to different kinds of gas, and it is known that 
this was a deliberate procedure in gas warfare after the use of gas shells 
had been generally introduced. 

These cases were studied from the point of view of history, clinical 
symptoms before and during the period of observation, the physical 
examination of the chest at different periods and, finally, by noting 
carefully the X-ray findings. As none of these patients died, autopsy 
findings are not available. It is realized that, compared with the many 
ex-service men hospitalized, the number of cases studied is too small 
to warrant any definite conclusions. For this reason, the results of this 
study are submitted merely as a preliminary report, with the hope that 
they may stimulate further research among the very extensive material 
offered by the many patients with chest conditions now undergoing 
treatment in Government hospitals. By analyzing the observations of 
numerous workers and combining such results it may be possible to 
determine the true status of this very important question which may 
have important economic as well as clinical significance. 

Out of the 166 cases in our series, 66 per cent were diagnosed as clinical 
tuberculosis. In only one case was the sputum positive. None of 
them were advanced cases of tuberculosis. In 25 per cent the X-ray 
findings were those usually accepted as indicating active tuberculosis. 
About 25 per cent gave a history of influenza or pneumonia. All of 
these patients stated not only that they had been hospitalized on dc- 
count of the effects of gas, but maintained also that they had never 
recovered their health since. They complained of being easily fatigued, 
that they were unable to perform their accustomed duties, and that 
they lacked energy and were no longer able to sustain physical efforts. 
The symptoms complained of later, that is, during the period of ob- 
servation, were also fatigue and, especially, shortness of breath. Cough 
and expectoration were particularly marked in the morning and were 
frequently aggravated by atmospheric conditions, such as dampness, 
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rain or fogs. In a number of cases marked asthma symptoms were 
present and the patients in question insisted that such asthmatic attacks 
had not occurred previous to their military service. The symptoms de- 
scribed above were present to an equal degree, whether they had had 
influenza or not; nor were they influenced apparently by the degree of 
tuberculous activity. None of them were in the advanced stages of 
tuberculosis, as was noted above, and in all of them the functional 
symptoms were entirely out of proportion to the amount of tuberculous 
activity or involvement. 

The physical signs noted in this group of cases were quite constant 
and characteristic. There was a general lack of expansion, with an 
irregular inspiratory excursion and an impression of stiffness of the 
thorax. More commonly, there was dulness over the base and mid 
zones of the lungs, with distant breathing. Over the upper lobes, 
breathing was usually more harsh, sonorous and bronchovesicular in 
character. Sibilant and sonorous rales were heard over the upper lobes 
in front and behind in a small number of the cases. In these instances 
where active tuberculosis coexisted the signs were those usually met with, 
both as to character and distribution. There was no difficulty in dis- 
tinguishing the two processes where they were present simultaneously. 
There seemed to be a definite line of demarcation. The picture was not 
at all that of chronic fibroid tuberculosis as encountered frequently in 
the older adult type. All of these patients were young adults of military 
age. In addition to the signs referable to the lungs themselves, a certain 
number showed enlargement of the heart, as noted more particularly in 
connection with the X-ray findings. 

The X-ray findings were by all means the most interesting and striking. 
Fluoroscopic observation disclosed a very jerky, retarded inspiration 
and the same stiffness of the chest that was noted in connection with 
the physical examination. Stereoscopic radiographic plates showed 
distinct hard, clear bronchial markings, sharply defined, not extending 
to the periphery and not beaded. These markings were not confined 
to the upper portions of the lungs, but, on the contrary, were distributed 
over the middle and lower thirds. The pleura frequently showed the 
ground glass haziness characteristic of chronic thickening. Cardiac 
enlargement involving the right lung was noted in 30 per cent. This 
condition or change of the heart is one that one would naturally ex- 
pect as a result of pulmonary fibrosis and impeding of the pulmonary 
circulation. 
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The clinical picture in these patients was that of a chronic peribronchi- 
tis, occurring in young adults, resulting from a permanent thickening of 
the bronchial mucous membrane. This thickening is due to the inflam- 
matory proliferation following the necrotic effects of irritating gasses, 
These changes correspond with those noted by Winternitz referred to 
above and have been noted by other workers. Inso far as these changes 
still persist at this period, and as, moreover, similar-changes produced 
by other causes are usually considered permanent, it would seem prob- 
able that these changes produced by gas in warfare will also be per- 
manent. How much of a vocational handicap results from these per- 
manent effects is a mater for serious consideration. In fact, the ques- 
tion is such a serious one that it cannot be disposed of lightly, nor without 
further study and observation. It would seem to be established however 
that such a form of chronic gas bronchitis does handicap its victims and 
places them in a position of higher age rating. 


SUMMARY AND CONCLUSION 


1. A group of cases was selected which gave a definite history of being 
gassed and hospitalized for this reason. 

2. The cases in this series disclosed a definite and clinical picture of 
chronic bronchitis, varying in its degree of severity, with or without 
accompanying emphysema. 

3. This form of bronchitis produces a certain degree of functional 
disability. 

4. A majority of the cases in this group were diagnosed as clinical 
tuberculosis but no attempts have been made to show any connection 
between the effects of the gas and the coexisting tuberculosis. 

5. Only twenty-five per cent of the cases gave a history of influenza 
or pneumonia. 
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THE LYMPH NODE DISTRIBUTION OF EXPERIMENTAL 
TUBERCULOSIS IN THE GUINEA PIG 


G. B. WEBB, C. T. RYDER ann C. T. OLCOTT 
Colorado Springs, Colorado 


Nearly twenty years ago Harbitz wrote, “I had noted the frequent, 
often very extensive, and sometimes even general, tuberculosis of the 
lymph nodes, and its primary occurrence, especially in relation to pul- 
monary tuberculosis, in children” (1). 

This was the starting point of his important researches upon active 
and latent tuberculosis in childhood, in connection with which he ob- 
served in a number of cases very widely distributed lymph node disease, 
not infrequently healed or healing.! 

Other observers have confirmed the reports of Harbitz (2), (3), (4), 
and Bushnell and some other members of the Medical Corps of the 
United States Army (5), (6), have based theories and careful studies of 
the mode of extension of tuberculosis upon the extensive involvement of 
the lymphatic system, especially in early life. 

Harbitz, following the lead of Loomis (7) and Spengler (8) also found 
virulent tubercle bacilli rather often in apparently normal lymph nodes, 
and believed the evidence favored dissemination of tuberculosis in the 
lymphatic system, frequently followed by reduction of virulence and 
rather prompt dying out of the bacilli, in the living host. In this he 
agreed with Perez (9) and Manfredi and Frisco (10), who had reported 
attenuation and death of bacilli in the lymph nodes of rabbits and guinea 
pigs a few months after inoculation by certain special methods. 

We may note in passing that so far as the guinea pig is concerned, a 
good many transplants of tuberculous inguinal nodes have not given us 
any evidence of such attenuation in the tissues of this animal when they 
are transplanted in a fresh state, though the excised nodes when kept 
in the incubator lose all power to infect in a very few days (11), (12), (13), 


1Tt is probable that when tubercle bacilli survive in such lesions of lymph nodes, they are 
not absolutely isolated from the host’s metabolism, but rather living in a kind of sluggish 
symbiosis (12), (14). This may account for the persistence of the Pirquet test in adults. 
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(14). Cobbett, moreover, on the basis of the great numbers of inocula- 
tions performed by the British Royal Commission, states that emulsions 
of tuberculous lymph nodes and other tissues are not less virulent than 
emulsions of free bacilli from cultures, but more so (15). Much, no 
doubt, depends on the number of bacilli and the portal by which they 
are introduced. In a number of animals inoculated in various ways, 
for example by inhalation, and by subcutaneous inoculation with drying 
cultures, we have noted at least relative arrest of the tuberculous process 
in the lymph nodes, and we attribute decided importance to the views 
of Perez, Manfredi and Frisco, and Harbitz in this matter, provided the 
method of inoculation is suitable, that is, not overwhelming. Whether 
in these circumstances the bacilli become attenuated, or die, or are 
merely retarded owing to small numbers, is not certain. 

The present paper, however, is not mainly concerned with virulence, 
attenuation, and latency, but with the distribution of demonstrable 
lesions in remote groups of lymph nodes after subcutaneous inoculation 
in the guinea pig. 

Following the publication of Krause’s article on Tuberculosis in the 
Guinea Pig with Particular Reference to the Tracheo-Bronchial Lymph 
Nodes (16), we had some correspondence with him, in the course of which 
he wrote, “I have an idea that you will find, if you go far enough, that 
many remote nodes (remote from the portal of entry or a diseased viscus) 
take on a little tubercle (microscopic) which later heals” (17). This 
stimulated us to continue some experimental work which we had begun 
upon the occurrence of tuberculous lesions in the mesenteric nodes of 
guinea pigs inoculated subcutaneously, and to expand this work to 
include the ileocecal, axillary and cervical nodes. This work is here 
reported. 

Our first series (table 1) was made up of tuberculous guinea pigs 
which came to autopsy in the course of other work in the laboratory. 
At first only the mesenteric (a very large single node) and the ileocecal 
(a small node near the ileocecal valve) were examined; later the deep 
cervicals also. Lesions of mesenteric or ileocecal nodes or both were 
found in about half the members of this series, examined three to fifteen 
weeks after subcutaneous inoculation, at about the level of the umbilicus, 
with emulsions of tubercle bacilli or with tuberculous tissues, the former 
perhaps producing the effect somewhat more quickly than the latter, 
probably owing to obvious mechanical factors which we have mentioned 
in previous papers on transplanation of tuberculous tissues. The cer- 
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vical nodes, when examined, usually showed more advanced lesions than 
the mesenterics. 

The first series, in short, made it appear that the mesenteric nodes 
are apt to show lesions on careful examination within a few weeks after 
subcutaneous inoculation, but that they lag somewhat behind other 
remote nodes in the development of lesions. The second series (table 2) 
was undertaken to verify these observations; if possible, to enlarge their 
scope by examining the deep cervical and also the axillary nodes micro- 
scopically in every case, and to rule out the possibility that mesenteric 
node disease was dependent on absorption of bacilli from the intestine. 
The guinea pigs were divided into two groups. Those of the first group 
(I'-V™) were inoculated, as before, under the skin of the belly, and 
were kept for several weeks after the formation of open ulcers, from which 
ingestion of tubercle bacilli was possible. Those of the second group 
were inoculated in the areolar tissue of the groin, where ulcers do not 
form so readily, were isolated, and upon the appearance of ulceration in 
the group were killed and autopsied, most of them being still free from 
ulcers. This resulted in the second group being killed somewhat sooner 
after inoculation than the first. Neverethless, of six pigs killed five 
weeks after inoculation by this method, four had lesions of the mesenteric 
nodes, two had lesions of the ileocecal nodes also, five had lesions of the 
axillary nodes, and all had lesions of the cervical nodes, while two pigs 
killed three and a half and four and a half weeks after inoculation had 
lesions of the cervicals and axillaries, but none of the mesenterics or 
ileocecals. In the controls, four of which had had open ulcers for from 
fourteen to twenty-two days, the results were essentially the same at 
autopsy six weeks after inoculation. In other words, mesenteric node 
tuberculosis developed in the absence of the possibility of alimentary 
infection as well as in its presence, and in both cases was somewhat less 
advanced than tuberculosis of remote nodes accessible only through the 
circulation, and did not so often show caseation. As regards such remote 
nodes, there was no apparent difference in the degree of involvement of 
the two groups examined, the deep cervicals and axillaries. 

One more point required to be elucidated, that is, the question whether 
the axillaries and cervicals of the side inoculated were reached directly 
by absorption through the cutaneous lymphatics or only as part of a 
general infection. To settle this we did a third series (table 3), keeping 
the right and left nodes carefully identified. There was no considerable 
difference between the two sides, and in other respects the results of 
this series supported the inferences drawn from the previous ones. 
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In addition to the nodes indicated in the tables, the iliac nodes of the 
side inoculated and the retroperitoneal nodes were involved in all pigs 
examined, while ina few cases the submaxillary nodes showed gross 
lesions. 


DISCUSSION 


It is evident from these experiments that in the guinea pig after sub- 
cutaneous inoculation the lesions of tuberculosis soon become generalized 
throughout the lymph nodes of the body, their involvement being 
fairly parallel with the visceral generalization of the disease, and that 
apart from the primary involvement of the regional nodes in the direct 
line of absorption, this distribution of lesions has no topographical con- 
nection with the location of the point inoculated. So far our work is in 
accord with the observations and opinions cited at the beginning of this 
paper. 

As regards the other question, whether these lesions tend to become 
quiescent and even heal, we have not as yet much evidence, as most of 
the animals have been kept less than two months after inoculation. In 
the few animals kept longer there was no evidence of healing lesions 
though some of them were negative. It is apparent however that these 
lesions do not tend to progress, as does tuberculosis of the regional nodes 
adjoining the area of primary inoculation. We have an excellent op- 
portunity for comparison in a hitherto unreported group of guinea pigs 
which were inoculated by dripping an emulsion of tubercle bacilli into 
the nose, according to the method of Mullin and Ryder (18). Inci- 
dentally, we have never had any difficulty in producing extensive pul- 
monary effects by this method without the use of any anaesthetic or 
other preparatory manoeuvre in rabbits; when we undertook the same 
experiments with guinea pigs we had some negative results until it 
occurred to us to give a little ether as a preliminary step. Perhaps the 
larger animal is more phlegmatic; a greater general nervous irritability 
in the guinea pig would account for better laryngeal control. Further, 
guinea pigs use their voices and rabbits do not, and this practice in the 
use of the laryngeal muscles may contribute to the guinea pig’s greater 
ability to exclude foreign fluids from the lower air passages. If the 
guinea pig is given ether to very light anaesthesia, this difficulty is 
obviated. Most of these guinea pigs developed extensive primary 
tuberculosis of the lungs, but a few had conspicuous massive enlargement 
and caseation of the cervical nodes, and little or no tuberculosis beyond 
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this after as much as fifteen weeks—a typical picture of scrofula. Cor- 
net (19) long ago reported similar results. Manfredi and Frisco noted 
primary lymph node tuberculosis without known lesion of the mucous 
membrane in guinea pigs but not in rabbits, and the results as regards 
cervical nodes in Mullin’s and Ryder’s rabbits on the one hand, and 
our guinea pigs on the other, are in entire agreement with this. The 
nodes in these pigs were large enough to attract instant attention on 
cursory examination of the living animal. This is very much in contrast 
to the appearance of the same nodes as they are affected in the general 
process which we have been describing in this paper. This latter type of 
lymphadenitis very rarely causes enough enlargement to attract atten- 
tion in the living animal, and at the time at which we made our examina- 
tions, could not, as a rule, be diagnosed with certainty except by micro- 
scopic examination. And between the shortest and the longest time 
intervals there did not seem to be much tendency for the lesions, once 
they had reached a moderate size and a moderate degree of caseation, to 
progress further. The tracheobronchial and hepatic nodes not infre- 
quently exhibit exceptions to this rule, but they, as Krause has shown, 
are particularly exposed, for anatomical reasons, to massive cumulative 
infection. In a few scattered instances, not all included in this series, 
we have found microscopic areas of calcification associated with tuber- 
culous caseation in the lymph nodes of guinea pigs, but we have also 
found it in the spleen in a particularly severe tuberculosis following 
intraperitoneal inoculation. 

The sharp distinction between the massive involvement of regional 
nodes draining the area of primary inoculation, and this slight though 
constant and general secondary involvement of distant nodes, is in 
harmony with the difference between the lymph node involvement in 
childhood (“primary”) and adult (“secondary”) human tuberculosis, 
which has often been noted and has of late been beautifully presented 
by Opie (20), (21), (22), (23), (24). 

As for the route by which the distant nodes are involved, we accept 
the ideas advanced by Krause (16), (25), (26) to explain involvement of 
bronchial nodes when no lesion of the lungs can be found. Bacilli are 
carried from the region of inoculation by the lymphatics as far as the 
great veins of the thorax, thence into the right heart and out into the 
lungs by the pulmonary arteries. There some of them pass from the 
capillaries into the lymphatics and are concentrated upon the bronchial 
nodes and there retained in sufficient numbers to cause lesion. The 
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rest pass on to the left side of the heart and out into the general arterial 
circulation, where the same thing that happened in the lung is repeated 
in the drainage field of every lymph node, namely, bacilli pass through 
capillary walls into lymphatics, and thus are concentrated upon the 
lymph node into which these lymphatics drain. This theory of dissemi- 
nation seems much better founded that any theory which assumes a 
general to and fro communication between all parts of the lymphatic 
system, without the mediation of the circulating blood (1), (27). 

It may be worth noting that in several instances where the deep cer- 
vical nodes were tuberculous we examined also the thymus glands, 
which in the guinea pig are lobulated structures situated on each side of 
the neck just over the deep cervical nodes and somewhat larger than 
these, and always found them free from lesion; that is to say, the lesions 
of the lymph nodes are not simply part of a uniform general miliary 
tuberculosis, but depend on other factors of which we consider this 
process of lymphatic concentration by far the most important. 

The fact that the axillary and cervical nodes are involved a little 
before the mesenterics may perhaps be explained by the greater rapidity 
of the lymph flow through the latter, a concept often invoked by those 
who believe that tubercle bacilli are acquired through the intestine with- 
out producing discoverable lesions either in it or in its lymph nodes (1), 
(28), (29), (30). 

In interpreting his cases of disseminated lymph node tuberculosis in 
children, Harbitz considered three possibilities: First, the invasion of 
several groups of lymph nodes from simultaneous primary lesions or 
penetrations of epithelial surfaces, for example the cervical and mesenteric 
nodes from the pharynx and intestine; second, hematogenous dissemina- 
tion, which he felt to be not infrequent in infants; third, extension from 
group to group within the lymphatic system, apart from the commonly 
recognized paths of centripetal drainage. Harbitz, following Weigert 
(27), believed this to be not only possible, but usual, and accepted it as 
the most important way in which disseminated lymph node tuberculosis 
developed. He also felt, as Weigert did, that the blocking of lymph 
vessels and nodes by the lesions might well lead to a stoppage or reversal 
of the usual current of lymph flow, with a consequent spread of the 
disease out through the lymphatics against the normal current, as is 
argued in the case of hilum-peribronchial tuberculosis. In pulmonary 
tuberculosis of children, however, he thought, like Ghon (31), that ulcera- 
tion of a caseous lymph node into a bronchus was more important. 


| 
4 


DISTRIBUTION OF EXPERIMENTAL TUBERCULOSIS 585 


Harbitz also made some observations on animals, and wrote concern- 
ing these: 


The numerous subcutaneous inoculations of guinea pigs, which I have 
performed in connection with this work, have shown that the infection first 
has passed to the inguinal nodes, then to the retroperitoneal nodes and to the 
liver and spleen, thence upward to the posterior mediastinal and hilum nodes, 
and finally to the supraclavicular and cervical nodes. Later the lungs become 
the seat of scattered tubercles, apparently by lymphogenous infection from the 
hilum nodes, or perhaps by way of the blood. This is the very route which we 
previously assumed that tuberculous infection might take in its upward exten- 
sion from the abdominal cavity. I am quite convinced that infection in man 
not rarely takes place in this manner, and that as a result not seldom the picture 
of generalized lymphatic tuberculosis is obtained. 


With this interpretation, as regards the guinea pig, we do not at all 
agree. As already stated, we believe with Krause that what occurs is a 
hematogenous dissemination, with a reconcentration of the bacilli, 
through the lymphatics, upon the lymph nodes. The early infection of 
remote nodes, as shown by Krause for the tracheobronchials, the occur- 
rence of “bacillemia” after inoculation as shown by Calmette and his 
school (30), and the practically simultaneous development of lesions in 
many remote groups of nodes in our experiments, all support this belief. 
In the human body the situation may not be exactly the same. It is of 
course always dangerous to draw close analogies between one animal and 
another. But our impression is that conditions are closely similar. 

Two cases seen recently at autopsy have a bearing on this problem of 
lymphatic routes. In one case there was massive carcinoma of the 
right lung, and of the hilum and tracheobronchial nodes, but of no others, 
so far as could be ascertained. In the other case there was a primary 
embryonal carcinoma of the left testicle, with metastases in the left iliac 
nodes but not the inguinals, a great metastatic mass in the position of the 
left aortic nodes, and another filling the posterior mediastinum. But 
there was found no involvement of the mesenteric nodes, lung, hilum 
nodes, cervical or axillary nodes. We have noted a similar phenomenon 


2 For example, we injected india ink into the spleens of guinea pigs, and failed to find any 
lymph nodes receiving drainage directly from it. This confirmed an opinion expressed by 
Krause (16), (17). The carbon was apparently carried by the splenic and portal veins to 
the liver, there dispersed, and part of it taken up by the lymphatics and carried to the portal 
(hepatic) node. In man, on the other hand, there are splenic nodes, though it is possible 
that they drain only the capsular tissue. 
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in the guinea pig in some unreported experiments. After injection of 
india ink into the peritoneal cavity the omental nodes were blackened, 
but, in one instance, not the mesenteric; the retrosternal, but not the 
bronchials. 

That is to say, the lymphatics along the anterior and posterior body 
walls communicate: the peritoneals (also the cervicals (32), (33)) with 
the anterior mediastinals, the retroperitoneals with the posterior me- 
diastinals. But lymphatic communications between developmentally 
separate systems, as between the mesenterics and bronchials, or even 
between the mediastinals and bronchials, are not the rule, and seldom 
appear to occur except through the mediation of the blood stream. 


CONCLUSIONS 


Subcutaneous inoculation of tubercle bacilli in the guinea pig is fol- 
lowed by early development of lesions in the lymph nodes of various 
remote regions of the body, often without any lesions of the areas drain- 
ing into these nodes being apparent either at the same time or later. 
The nodes in which lesions have been demonstrated include the inguinals 
of the side inoculated (primary), inguinals of the other side, iliacs, 
aortics, axillaries, two groups of cervicals, retrosternals, tracheobron- 
chials, hepatics, mesenterics and ileocecals. 

Except in the inguinal nodes primarily involved, and in the bronchial 
and hepatic nodes, which by their position are particularly subject to 
cumulative infection, the tendency of these widespread lesions of the 
lymph nodes is to reach a rather constant standard, characterized by 
slight enlargement and moderately extensive caseation, and then to 
progress no further. Lesions of the nodes draining the intestine (mesen- 
teric and ileocecal) develop a little later, and show less tendency to be- 
come caseous than those of the other nodes examined. Arrest and 
healing perhaps occur, but have not been proved in these experiments. 

Survival of bacilli, in a state of minimal activity, in such remote 
peripheral nodes, may perhaps account for the persistence of the Pirquet 
test in adults. 
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THE SERUM RING REACTION IN TUBERCULOSIS 
M. A. SMEETON 


Nova Scotia Sanatorium, Kentville, Nova Scotia 


The test employed by Krumwiede and Valentine (1) for the rapid 
determination of the pneumococcus types suggested a possibility of its 
application in the diagnosis of tuberculosis. Since the reaction is pre- 
sumably one of antigen and antibody it was hoped that present or recent 
activity might thus be indicated. 

Briefly stated, the test consists in extracting the soluble antigen from 
the sputum of the patient and floating the resulting liquid on the top of 
a small quantity of each of the three types of antipneumococcic serum. 
A definite contact ring appears at the junction of the two liquids in the 
tube containing the homologous serum. 

The technique of Krumwiede and Valentine was carefully followed, 
with sputum containing large numbers of tubercle bacilli and homologous 
serum. In no case, however, was a reaction observed. O.T. was then 
used in place of the sputum antigen extract with very definite results. 

The presence or absence of natural complement appears to play no 
part in the reaction, since the ring formation was noted in both fresh and 
inactivated sera. 

The technique employed was as follows: About 0.3 cc. of the serum 
to be tested was placed in a small tube, and a similar amount of tubercu- 
lin (O.T., 1:100 dilution) was floated over it by means of a capillary 
pipette. In the positive sera a thin, opaque disc-like ring appeared 
between the two fluids, usually within ten minutes, and occasionally 
becoming more pronounced in from one to two hours. 

Normal guinea pig serum, rabbit serum, and egg albumen suspended 
in normal salt solution, in dilutions varying from 0.1 to 2 per cent, were 
tested: in none of these tubes was a reaction noted. F 

The following is a protocol of 150 human sera examined: 


NUMBER 
OF CASES SERUM POSITIVE | SERUM NEGATIVE 


per cent per cent 


Nontuberculous 10 10 
Doubtful activity 15 100 
Stage I or minimal 16 94 
Stage II or moderately advanced 82 92 
Stage III or far advanced 27 93 
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Of the 10 sera recorded as nontuberculous, 1 was a case of asthma, 1 of 
questionable syphilis of the lungs and 1 of tertiary syphilis with aortic 
involvement. The remaining 7 were members of the staff, none of 
whom was tuberculous. The one positive reaction obtained in this 
group was a normal healthy person who failed to show any symptoms 
of tuberculosis clinically and who did not react to the intracutaneous 
injection of tuberculin. 

In tabulating the results it at first seemed possible that the test might 
be comparable to the intracutaneous tuberculin skin test, that is, give a 
specific reaction in old as well as new tuberculous infections without 
indicating activity. That, however, can scarcely be claimed since one 
of the seven presumably normal persons reacted positively. 

While the number of sera tested was small and the controls not identi- 
cal, the technique followed was so similar to that used by Hollaender (2) 
that a comparison of results seems permissible. 

Hollaender concludes that the reaction indicates a degree of immunity 
and may serve as an index of prognosis as well as of the dosage necessary 
in therapeutic and prophylactic immunization. A negative reaction in- 
dicates susceptibility in those who have not yet contracted the disease, 
and a tendency of the lesion to progress, rather than to heal, in those 
already infected. 

The results obtained in this laboratory obviously do not support 
Hollaender’s claim. Six normal, healthy members of the staff, physi- 
cians and nurses, who have been in daily contact with the patients for 
a considerable period gave a negative reaction, which, according to 
Hollaender, would indicate a marked susceptibility to infection. 

Nor to the ten clinical cases showing a negative serum reaction could 
Hollaender’s theory be applied, since four cases showed marked resist- 
ance and consequent improvement, in two the disease was more or 
less stationary and in the remaining four the lesions were decidedly 
progressive. 

Crabbe and Martin (3) found the reaction positive in both tubercu- 
lous and nontuberculous persons. They conclude that it is not specific 
and that it is due to a physicochemical reaction between the lipoids of 
the serum and the globulins of the tuberculin. 


CONCLUSIONS 


1. While the reaction is well defined and apparently occurs with greater 
frequency in tuberculous persons than in normal ones, it is evidently 


not specific. 
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2. The test does not indicate the degree of immunity possessed by the 
individual and consequently is of no prognostic value. 
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THE SIGNIFICANCE OF ROENTGENOGRAPHIC MUTA- 
TIONS OF THE LESIONS OF CHRONIC PULMO- 
NARY TUBERCULOSIS! 


J. BURNS AMBERSON, JR. 


Loomis Sanatorium, Loomis, New York 


Any survey, intended to evaluate evidence accumulated on the sub- 
ject of tuberculosis and to map out the most advantageous course for 
future endeavor, is likely to become focussed on a comparatively few 
conspicuous phases of the problem and one of these is the pressing need 
for a thorough organization of present knowledge. From the vast 
mélange of aggregated facts, whatever is sound and essential must be 
assembled in orderly array and that which is superfluous and fallacious 
must be discarded for all time. But the task is large and progress is 
trammelled by many imperfections of method and of judgment. 

To confine the discussion to several specific details of the problem, one 
might inquire why it is that tried and true anatomic concepts of pul- 
monary tuberculosis are not more widely translated into correct rules of 
clinical procedure. Acknowledging certain inexactitudes in the fund of 
information amassed on the structure of tuberculous lesions, it is neverthe- 
less positive that a more thorough application of well proved principles 
would have a far-reaching and highly tonic effect in furthering a better 
systemization of our knowledge of clinical manifestations. The lessons 
of the autopsy are of prime importance, but the pathologist can hardly be 
expected with precision to correlate his findings with the preceding, 
perhaps fluctuating and long drawn out clinical course. It is only by 
perservering and intimate study of the living subject that current 
symptoms can be closely linked with concurrent underlying tissue 
changes and here, of course, the hindrances are self-evident. Structural 
abnormalities must be determined chiefly by the methods of physical 
examination, including roentgenography. Physical signs may be very 
deceptive. They reveal certain changes that no other method can de- 


‘An address delivered before the Laennec Society of the Johns Hopkins Hospital 
May 8, 1922. 
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tect, yet for very definite physical reasons a number of limitations must 
be recognized. In practice the main defect is indicated by the failure 
of physical signs in a considerable proportion of the ordinary run of 
cases to define properly the extent of the disease. It is also difficult by 
this means to follow in detail the evolution of the lesion. Such limita- 
tions have for a long time been more or less vaguely appreciated but 
the development of the roentgen ray has made the fact quite palpably 
evident. 

It would serve no purpose here to enter into the somewhat wearisome 
controversy over the relative advantages of the roentgen ray and of the 
older methods of physical examination. It little behooves the discern- 
ing clinician to care which way the argument turns, so long as he may 
continue to use both methods, and it is granted that a roentgenogram of 
the chest of a phthisical patient is a more or less valuable adjunct to 
other observations, just as auscultation is to percussion and palpation to 
inspection. Roentgenographic studies, in connection with other con- 
ventional modes of examination, certainly make for greater accuracy of 
judgment and promise to facilitate the much needed closer correlation 
of anatomic characteristics with clinical manifestations. We can 
hardly hope to study more than gross changes, but an intimate familiarity 
with any pathological changes, even macroscopic, in the living is of 
inestimable value. 

At the Loomis Sanatorium we have come to consider a study of 
serial roentgenograms as a part of the essential routine and we now 
recognize it as a dependable aid in many phases of the management of 
our patients. Our increasing experience emboldens us to forecast that 
the method will come into greater and greater prominence as a potent 
factor in the solution of our clinical problems and the advancement of 
scientific research. 

There is no general agreement regarding the roentgenographic shadow 
that specifically represents the earliest development of pulmonary 
tuberculosis. As forerunners of more extensive densities we hear of 
changes likened in appearance to “budding twigs,” ‘raisins on a stem” 
or ‘‘pussy willows.” It is quite likely that such pictures frequently 
portray small tubercles, distributed along the course of thickened peri- 
vascular and peribronchial tissues, but it is always difficult to say 
whether or not they signify clinical tuberculosis. As a matter of fact, 
it is almost certain that in many cases the “buds” of the “budding 
twigs” never bloom out into true parenchymatous mottling; in other 
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words, the tubercles are competently encapsulated and nonclinical. 

Ignoring, therefore, these so called incipient changes, of which the 
finesse of interpretation is debatable, it will suffice to concentrate atten- 
tion on the shadow which stands typically for the conglomerate tubercle, 
and causes its host to sicken and often to die, a shadow aptly described 
as mottling. Some have visualized a picture resembling a fog-bank; 
others note a snowstorm appearance; many times I study a picture 
reminding me of the light cottony cirrus clouds that one sees so often 
floating high in the sky at evening, and I like to employ the term cirrose 
clouding. But “mottling” is probably as concise, understandable and 
generally applicable as any term that has been devised. Mottling may 
be distributed throughout both pulmonary fields or confined to a small 
section of one. It may be discrete when it represents isolated con- 
glomerations, or densely confluent when it typifies bronchopneumonic 
infiltration. It is commonly interspersed with other shadows of greater 
or less density, interpreted as calcification, fibrosis, pleurisy, emphysema, 
cavitation, pneumothorax or other changes. It is usually more dense 
and coalescent at the apex or periphery of an upper lobe. Its prominent 
and most constant characteristic is that its centre is its densest portion 
and its periphery shades out as a flocculent cloud often into normal 
lung markings. The peripheral clouding may be closely limited or it 
may spread through wide sections of the field; it is interpreted as col- 
lateral or perifocal inflammation. The nucleus or dense portion of the 
shadow represents the specific tuberculous deposit in its various stages 
of development. This is generally conceded, but the full significance of 
the peripheral portion has not been so well appreciated for, as Krause has 
shown, few pathologists have recognized the relationship of collateral 
inflammation and allergy. 

Here, it is necessary to familiarize ourselves with the general phenome- 
non of allergy, so well elucidated by this author. He has emphasized 
that it is a factor to be reckoned with in every case of chronic tubercu- 
losis, and has expressed the conviction that a comprehension of allergy 
will do much to clarify our understanding of tuberculosis in general. 
Any roentgenographic study, therefore, that fails to comprehend this 
factor will be incomplete, for the roentgen ray affords a means peculiarly 
adapted for observing one of the essential components of the allergic 
reaction, namely, perifocal inflammation. This, according to Krause, 
stands in contrast to the slowly progressive tubercle formation with 
proliferation of fixed tissue cells seen following the inoculation of a 
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healthy animal with tubercle bacilli, for upon reinfection of an animal 
previously sensitized with a relatively less virulent dose of bacilli the 
response differs,—there is an immediate local reaction with inflamma- 
tion. A rapid exudation of cells, serum and fibrin occurs, and at this 
stage proliferation of fixed tissue elements plays only a minor réle. The 
formation of tubercle is quickened but there is ultimately a less marked 
trend to progressive, generalized disease. When healing begins the 
products of inflammation disappear with comparative rapidity, leaving 
behind the proliferating tubercle. Such altered anatomic reactions, 
depending on tissue hypersensitiveness, obtain apparently in all organs 
commonly affected with tuberculosis, certainly in the lungs, and such 
tissue hypersensitiveness may be said to exist in all human beings suffer- 
ing from tuberculosis that is chronic. These then are the structural 
components entering into the collateral or perifocal inflammation that 
casts the shadow of perifocal haziness in the roentgenogram of the tuber- 
culous lung. Just as perifocal inflammation varies with the intensity of 
allergic reaction, so will perifocal haziness becloud more or less extensive 
areas of the pulmonary field; and just as the exudate is characterized 
by the rapidity of its appearance and, to a less degree, of its disappearance, 
so should its roentgenographic counterpart be marked by the promptness 
of its response to changing conditions. 

In actual practice we have found that perifocal haziness is an in- 
variable accompaniment of disease found in serial roentgenograms to be 
progressive, and there is evidence to suggest that the more rapid the 
extension, the more intense and more diffuse is the perifocal haziness. 
This might well be anticipated, remembering, as we should, that new 
implantations of tubercle bacilli must necessarily root in allergic soil. 
While I emphasize this factor of collateral clouding as a constant ac- 
companiment of the advancing lesion, there are other elements that are 
of first importance in the picture of the enlarging, degenerating, aging 
tubercle. 

Among these must be considered the mode of’ extension of the lesion 
and the secondary changes of cavitation and fibrosis. The chronic 
lesion usually progresses from the apex downward and, in an upper lobe, 
it encroaches from the periphery upon the hilum. An extension in the 
opposite direction, from the hilum toward the periphery, is occasionally 
seen, especially where the infection spreads from one lung to the other. 
In the lower lobe the metastases frequently distribute themselves along 
the course of the descending trunks; this is especially true of posthemor- 
rhagic bronchopneumonias 
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These are the common findings in serial roentgenograms of active. 
lesions although a number of variants have been described. As mottling 
advances there is a simultaneous tendency to coalescence, indicating 
increasing consolidation and perhaps caseation, and to rarefaction, im- 
plying colliquative necrosis and cavitation. The usual site for the 
most advanced stage of destruction is near the periphery of an upper 
lobe. In chronic disease a diffuse density, indicating complete consoli- 
dation of a lung, is not the common picture; usually there are clear areas 
of apparently intact, possibly emphysematous tissue interspersed with 
the mottling, however dense the latter may be. A total confluence is 
not uncommonly seen in an upper lobe and in the rare case a strictly 
basal consolidation may be found. Beginning necrosis and excavation of 
a caseous focus appear at the central or densest part of an area of 
mottling as ragged, poorly defined, usually multiple rarefactions, fittingly 
described by the French as a “bread crumb” or “‘honeycomb” appear- 
ance. A subsequent merging of these rarefied spaces results in the 
development of larger cavities that advance most often from the peri- 
phery of the upper lobe toward the hilum. Entire lungs may become 
shot through with multiple rarefactions, but in most cases the process is 
limited to an upper lobe and often its lower border is sharply defined by a 
band of interlobar thickening. The time element of the destructive 
process varies widely but, as a rule, the more rapid the infiltration the 
less conspicuous is progressive cavitation. Stated otherwise, the dis- 
semination of fresh tubercles may be so rapid that the patient dies 
before the older ones have had time to soften and expel their contents. 
But a common event is the retardation or complete arrestment of the 
destructive agencies by the development of fibrosis, to be described 
later. Fibrosis may appear at any juncture and the degree and duration 
of its competency largely determines the future course of the disease. 

The symptoms of progressive tuberculosis are, of course, familiar and 
it will suffice to indicate the possibilities of correlating them with the 
roentgenographic mutations that have been described. Advancing 
infiltration is sooner or later responsible for constitutional symptoms; in 
other words, continued pathological activity eventually and inevitably 
results in clinical activity. 

From this commonplace observation arise several pertinent questions. 
Is there any degree of pathological activity, however slight, that is not 
accompanied by constitutional symptoms? In point of time how closely 
are pathological activity and the appearance of symptoms related? 
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Is there anything like a constant relationship between the intensity of 
focal reaction and of general toxemia?’ These problems have engaged 
many investigators and they are of tremendous practical importance, 
The results of past experience may be summarized as follows: Physical 
signs are not always reliable criteria of the true evolution of the pul- 
monary lesion and sometimes fail completely as a basis of diagnostic, 
therapeutic or prognostic indications. Lawrason Brown has recently 
remarked on the difficulty of establishing time relationships between 
clinical and pathological activity, and he has offered the opinion that 
neither of these two factors can be correlated with physical signs. With- 
out going into the reasons for this, it may be stated that anyone who has 
had experience with tuberculosis can testify to the truth of the observa- 
tion. Data, classed under the head of laboratory findings, usually 
have only a remote bearing. Most clinicians have finally decided 
for themselves that constitutional symptoms are the most dependable 
indices of the state of the underlying lesion and consequently have 
adopted them as a routine guide for treatment and prognosis. Roentgen 
ray findings, largely because of misinterpretation, have been regarded 
with considerable indifference and wariness, and for this reason the full 
possibilities of the method have been ignored. 

Before proceeding, I shall digress to repeat a warning note against 
the diagnosis of activity of pulmonary tuberculosis from a single roent- 
genogram of the lungs. When at varying intervals serial pictures are 
made and these show a definite extension of the disease, pathological 
activity is established and clinical symptoms are bound to appear in 
some form or another. But to look at a single, isolated picture ofa 
diseased lung and to flatly diagnose activity or inactivity is thoroughly 
unscientific and certain to invite error in many cases: it would be 
almost as reasonable to look at a photograph of the sky and say which 
way the clouds are blowing. This practice of drawing broad inferences 
from insufficient evidence has cheapened the method and obstructed 
its development. 

Returning to the theoretical questions that have been stated, there is 
one factor that must always be kept in the forefront; namely, the fate of 
the patient, barring complications, depends solely on the evolution of 
his lesion. The rate and degree of elaboration of circulating toxins 
hinges largely on the changing physical character of the focus. How- 
ever hackneyed it may be, this truth is too often obscured in practice and, 
however devious may be the routes followed in our various quests, the 
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ultimate goal must always be the determination with as much exactness 
as possible of the character of the lesion. From this viewpoint, there- 
fore, serial roentgenography promises to be of greater value than has 
been generally suspected. 

Regarding the chronological relationship between pathological and 
clinical activity, any line of reasoning cannot logically avoid recognizing 
the fact that the tissues of the patient with chronic tuberculosis are 
allergic and, being so, it would be expected that any exhibition of symp- 
toms would conform in some degree with those observed in the allergic 
animal. Krause has summed up the latter as symptoms of rapid 
intoxication, varying in intensity up to a point where the animal may 
die within a few hours after inoculation. A priori, therefore, it would 
be anticipated that in the human subject focal activity, initiated by the 
arousing of old established lesions or the development of new ones, would 
be closely followed by a manifestation of symptoms. Whether or not 
this is wholly or even partially true is a matter to be determined, but 
our observations with serial roentgenograms may be considered as 
evidence favorable for its proof. We have watched in a series of pictures 
undoubted yet very slight progression of disease, insufficient to produce 
a definite change in physical signs, but accompanied by symptoms of 
clinical activity that were unmistakable. Often the syndrome has not 
included fever or other of the more stormy manifestations which are 
apparently later evidences of a reaction of increasing intensity; instead, 
the patient may have mentioned only the vague sensations of nervous- 
ness, unaccustomed irritability, anorexia, insomnia or malaise. Bertram 
H. Waters has referred to the importance of these vague subjective 
disturbances in a previous phase of our studies; and to one who has 
observed patients over long periods of time the appearance of such 
symptoms is often though not invariably a cause for grave suspicion. 
On such occasions our practice is to go through the routine physical 
examination, often without obtaining much helpful information, and it 
is with greater hope of discovering a reason that we compare a new 
roentgenogram of the lungs with the preceding series. In a very large 
percentage of the cases we find some tangible underlying cause, such as. 
a definite increase in perifocal inflammation or new areas of mottling.. 
Conversely, it is seldom that we see an aggravation of clinical symptoms. 
where routine serial pictures show no such increase in the lesion, unless: 
there is some other obvious cause, such as the damming up of an old 
cavity. If we accept vague symptoms like those mentioned as possible 
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evidence of clinical activity—and we can hardly escape it—then I 
hold the belief that in chronic tuberculosis clinical activity as a rule 
follows pathological activity by a very short interval of time. Similarly, 
I have got the impression that, however slight the focal activity, pro- 
vided fibrosis is not a significant complicating factor, there is almost 
always some effect, faint or definitely recognizable, reflected in one or 
more bodily functions. As to the relationship between the intensity of 
focal activity and of concomitant clinical symptoms, no fast rules can 
be laid down, for it is next to impossible to dissociate symptoms into 
distinct groups and assign to such groups definitely determined causes, 
In a general way it may be asserted that the more intense and the more 
extensive the perifocal haziness in the roentgenogram the sicker the 
patient is likely to be; another way of saying that the more intense and 
acute the focal activity, the more profound is general intoxication. 
Perifocal haziness is usually most prominent about bronchopneumonic 
or pneumonic deposits and, in such a circumstance, the patient is usually 
seriously ill. 

.. Summarizing our observations of serial stereograms in which destruc- 
tive tissue mutations were definitely demonstrable, the following sub- 
stantiated facts are brought out: In fully ninety per cent of the cases 
there were persistent or increasingly grave constitutional symptoms of 
toxemia. The weight curve of a patient is of value, but it is not a 
thoroughly dependable criterion of the status of the pulmonary lesion, 
because of one group showing progressive disease almost a third of the 
patients gained weight under conditions of sanatorium treatment. A 
dissemination of the disease is quite likely to occur where serial roentgen- 
ograms demonstrate progressive infiltration, especially if this is accom- 
panied by tissue softening; this is shown by the incidence of clinical 
tuberculous complications. Next to symptoms of intoxication, the 
quantity of sputum and its bacillary content seem fairly closely de- 
pendent on the anatomic status of the lesion. In the vast majority of 
cases where advancing infiltration and cavitation are seen, the daily 
expectoration progressively increases and the sputum in almost every 
instance sooner or later contains tubercle bacilli: expectoration does not 
decrease and bacilli do not disappear from the sputum unless progressive 
fibrosis is demonstrable. Increasing cavitation is the factor having 
greatest influence, for, without it, infiltration may advance without a 
coincident increase of expectoration which may continue negative for 
tubercle bacilli. Furthermore, progressive excavation of tissue eventu- 
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ally leads to blood-spitting in more than half of the affected cases. 
All these are none other than the common accompaniments of active 
disease, but I have endeavored in an approximate way to show how they 
may be organized on the basis of underlying roentgenographic structural 
change and how, with a given change, a certain train of symptoms may 
often be anticipated with a surprising degree of accuracy. 

The process of gross anatomic repair can be traced with still greater 
satisfaction in serial roentgenograms. Here it is that the reabsorption 
of collateral inflammation is demonstrated most impressively, the delicate 
tracery of fibrosis can be detected earliest and the ultimate mechanical 
effects of healing are depicted most faithfully. The disappearance of 
perifocal haziness is always the first stage of repair; it is conveniently 
referred to as clearing of mottling. This retrogressive transformation 
can be detected in serial pictures often in three or four weeks after 
hygienic rest treatment has been inagurated and, after an interval of 
from two to six months, the change is often quite striking. The collateral 
haze fades, mottling becomes better defined, cirrose clouding loses its 
filmy fluffiness to such a degree that the descriptive term is no longer 
appropriate and, gradually, from a decreasingly diffuse blurring the 
residual conglomerate tubercle emerges, denuded of its enveloping veil 
of inflammation, discrete, compact, shrinking, and susceptible of closer 
scrutiny than ever before. Studying through such a series of roentgen 
ray negatives and recognizing the character and extent of the shadows 
preceding the initiation of repair, one can appreciate in a perfectly 
unique way the significant réle of perifocal inflammation. Just as, in 
the guinea pig, laboratory observation demonstrates that the exudative 
products characterizing the focal allergic response may disappear with 
considerable rapidity, so roentgenographic observation proves the 
occurrence of a similar phenomenon in the human subject. No other 
method of examination of the living can impress upon the mind a clearer 
perception of this remarkable process. Inspection, palpation and per- 
cussion cannot possibly lay bare the details of such a change, and aus- 
cultation affords but a vague and sometimes illusory inkling. Breath 
sounds may become louder and harsh, presumably because the smaller 
bronchi are cleared of their engorgement with products of exudation. 
Rales may become more clearly audible and somewhat less numerous, 
but their extent is not often altered until repair progresses further. 
The most prominent accompaniment of the clearing of mottling is the 
subsidence of constitutional symptoms of intoxication. This might 
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readily be conjectured beforehand, remembering that the intoxication 
of the allergic animal tends to disappear with the reabsorption of focal 
inflammatory deposits. The patient often loses his fever, gains weight 
and strength and is able to abandon bed rest for routine ambulatory 
- treatment; cough and expectoration commonly decrease, but the sputum 
does not usually become negative for tubercle bacilli until a later stage. 
The patient may be still susceptible to considerable fluctuation of 
symptoms and to more or less serious recrudescences of his disease, 
doubtlessly explained by the fact that a firm barrier of fibrosis has not 
yet developed. 

At this point a short recapitulation and codrdination of a few of the 
more important observations may be of advantage. Perifocal haziness, 
as seen in serial roentgenograms of chronic tuberculous lesions, is an 
invariable accompaniment of newly developing tubercle or reactivated 
old foci and this haziness always subsides or disappears as the disease 
becomes retrogressive. Disappearance of the haze is more gradual than 
its appearance, but it is usually more rapid than the development of 
demonstrable fibrosis. In point of time and intensity, constitutional 
symptoms appear to bear a fairly intimate relationship to the under- 
lying perifocal inflammation; local symptoms are less clearly related. 
Serial roentgenograms demonstrate the gross character and fluctuations 
of perifocal inflammation in the living subject better than any other 
available means of examination. It is not possible to draw a sharp line 
of distinction between the symptomatic effects of the tuberculous focus 
and the nonspecific inflammation associated with that focus. 

In the picture of repair, disappearance of perifocal haze is the first 
noticeable change but, within two to six months after clearing of mottling 
has started, fibrosis may appear and proceed with varying rapidity. 
It may be diffuse or localized, depending largely on the extent of the 
lesion. Where disease is widespread, a gradually deepening cloud, 
partly of pulmonary origin and partly pleural, is often cast over exten- 
sive sections of the field, and as the density of this cloud increases lung 
markings gradually become obscured and finally may be entirely obliter- 
ated. Insome cases a total opacity of the field, except for one or more 
underlying areas of rarefaction denoting cavitation, results. Eventually 
this massive cicatrix contracts, the rate thereof being variable. Some- 
times within five or six weeks the mediastinum is considerably displaced 
and the trachea is markedly deviated toward the more seriously affected 
side but, ordinarily, contraction is more gradual and requires months or 
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years. Occasionally the trachea is drawn well beyond the sternal border, 
in which event the physical signs simulate those of cavity. The chest 
wall is the last to yield to the retracting force of scar tissue; a gradual 
flattening and later an increasing convexity of the outer and lower 
thorax are seldom made out until a year or more after diffuse fibrosis 
starts. The localized forms of intrapulmonary scarring can be followed 
in greater detail, although the rate of development may be somewhat 
less rapid. As perifocal haziness fades and the central conglomerate 
tubercle becomes more sharply outlined, the density of the latter often 
gradually deepens while its edges shrink and it takes on a look of com- 
pactness and firmness. This metamorphosis, depending on its speed, 
finally approaches a point where to all appearances it becomes established 
as an enduring scar, lasting in certain cases for at least seven or eight 
years; how much longer is a matter of presumption. The complete 
reabsorption of tubercles is sometimes demonstrated, but usually a 
well made stereogram will show at least a little stippling or a small 
stellate shadow of fibrosis at the old site. 

In any study of reparative tissue mutations in pulmonary tuberculosis 
one is always graphically impressed with the tendency to spontaneous 
localization of the diseased foci. The description above indicates how 
the smaller pathological deposits are walled off; it is important to note a 
similar tendency on a grander scale in the more diffuse lesions. The 
process is most frequently seen in an upper lobe, the usual site for the 
older and more massive deposits. Gradually the accentuated, fuzzy, 
thickened trunks leading upward and outward from the hilum become 
thinner and more compact; they change from loosely strung cottony 
cords into a close-knit mesh of filamentous strands, most conspicuous at 
the lower border of the confluent mottling. As time goes on the strands 
multiply and become more thickly intertwined, until finally a dense 
compact band of varying width is formed, while a light cloud of diffuse 
fibrosis settles over the involved area; simultaneously, contraction pro- 
gresses. Deviation of the mediastinum becomes definite but, what is 
more striking, there is a shrinkage of the lesion from below upward 
and eventually the compact bands and striations of fibrosis described may 
be seen one or two intercostal spaces above their original location. 
Here, then, is a uniquely well fortified line of defense, so to speak, between 
the invading lesion and the remaining intact tissue. With minor 
variations, a similar transformation may be traced in the course of heal- 
ing, regardless of the location of the mottling; the chief differences are 
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in the ultimate mechanical effects of contracting scars. The duration 
of the reparative process is likewise variable, depending principally on 
the extent of the lesion; an apical infiltration may become densely fibrotic 
in from one to two years, but where more massive deposits exist there is 
reason to presume that the effort at repair persists throughout the life- 
time of the patient. The presence of cavity in the picture alters condi- 
tions and this will be referred to later. In studying the mutations of 
repair it is to be noted again that serial roentgenograms depict conditions 
with more detailed accuracy than physical examination. Palpation and 
inspection may reveal certain mechanical, trophic or reflex effects, but 
they cannot truly reflect the slowly progressive basic tissue changes. 
Alterations of thoracic resonance are even more vague and more diff- 
cult to follow. Auscultatory findings are of more significance, especially 
when they are supplemented with roentgen ray studies. Changes in the 
quality and intensity of the breath sounds are noted first of all; there is 
an increasing clearness, harshness and loudness of the murmur. Later, 
alterations of pitch may be noted and the relative durations of the two 
phases of respiration may become more audibly affected. But here 
again, essential as physical examination may be, one gets only an ap- 
proximate idea of the structural changes that the roentgen ray records 
so completely. : 

Given this picture of progressive repair, there are certain general 
facts about concurrent clinical findings that our investigations have 
established. Symptoms of general toxemia, however slight or intense 
they may have been, will continue to improve in close to 100 per cent of 
the cases; in the very few exceptions the failure to improve can usually 
be attributed to some complicating disease, tuberculous or nontubercu- 
lous. This close interdependence of constitutional improvement and 
roentgenographic anatomic repair offers a criterion of prognosis that is 
probably as safe as any we have. As an accompaniment of demon- 
strable healing, body weight is gained in the bulk of the cases; a loss of 
weight is almost always due to complications. The quantity of expec- 
toration rarely increases when repair becomes established; in a series of 
100 cases, which we studied, the sputum progressively decreased in 75 
and remained stationary in 23. Tubercle bacilli disappeared from the 
sputum in over half of the cases and a negative sputum never became 
positive during the course of repair. 

A special word may be said about hemoptyses. They are most fre- 
quent in those cases where there is demonstrable evidence of progressive 


ROENTGENOGRAPHIC MUTATIONS 603 


infiltration with progressive cavitation, less frequent where there is 
progressive infiltration without cavitation, still less frequent when 
perifocal inflammation has begun to subside and least frequent where 
progressive repair is proved by serial roentgenograms. 

The significance of any picture of repair is altered by the presence of 
cavitation. In certain cases, the cavity becomes completely obliterated, 
in which event clinical improvement is to be expected; but such cases are 
conspicuous by their rarity. A reduction in the size of cavities, how- 
ever, is not uncommonly seen; it occurs during the course of repair in 
probably more than one-half of them. The mechanism of reduction 
depends on the shrinkage of surrounding scar tissue; without such pre- 
formed fibrosis I have never seen a cavity grow smaller. The effect of 
cavitation, persisting even though contracting, is reflected in the clinical 
picture to the following extent: hemoptyses are more likely to occur 
than if cavity were not present but this likelihood would be much 
greater if investing fibrosis had not developed; the expectoration will 
probably decrease but not entirely disappear and the amount persisting 
very likely will contain tubercle bacilli for a long time, perhaps perma- 
nently; the incidence of tuberculous complications is slightly greater but, 
in spite of this, constitutional symptoms are just as prone to amelioration 
as they are in many cases where no cavity existed. In short, con- 
stitutional improvement is to be anticipated, whereas there is a con- 
siderable chance that local symptoms, even though alleviated, will 
persist to some degree. The ultimate prognostic significance of this 
combination of affairs is this: the average duration of life will be shorter 
than if cavitation had become completely healed or had never developed. 
Such a prediction might be made by inference on other grounds; for 
instance, H. M. King found that among patients discharged from the 
Loomis Sanatorium the average length of life was relatively less where 
tubercle bacilli persisted in the sputum. 

The occurrence of calcification as a part of the healing process in our 
series of observations has been almost negligible. Often we have noted 
old opaque nodules becoming more conspicuous as mottling cleared, 
but these were not fresh deposits of mineral salts; they were preformed 
deposits previously obscured by other shadows. In the exceptional 
case a gradual deepening of the density of one or several small caseous 
areas, until they became sharply cut and opaque to the roentgen ray, 
has been seen; in this circumstance we assume that calcification has 
progressed. In a very few instances this process has been traced in a 
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hilum lymph node, apparently illustrating a rare exception to the patholo- 
gist’s dictum that caseation does not occur at the hilum in chronic 
tuberculosis of adults. Beyond mentioning the fact that demonstrable 
progressive calcification seldom participated in the healing of tuberculo- 
sis in more than four hundred adult patients observed by serial roentgen- 
ograms over periods of from a few months to eight years, I shall not 
commit myself. If this proves to be a general observation it will empha- 
size a point that has not been generally appreciated, and it will establish 
a broader line of distinction between the chronic apical tuberculosis of 
adults and the primary focal tuberculosis of childhood, where calcification 
is often extensive and apparently becomes well established within a 
comparatively short time, perhaps a year or two, after healing begins. 
This much may be asserted with definiteness,—in the ordinary period of 
sanatorium treatment nodular calcification of caseous foci in the lungs of 
adults is so infrequent that it exerts no influence on the clinical picture. 

There are a number of general principles appertaining to the anatomic 
mutations of chronic pulmonary tuberculosis that may be summarily 
recounted. Repair is most likely to be observed where the lesion is not 
extensive. Repair is usually slowly progressive aad may continue for 
years. Destruction, not accompanied by fibrosis, is relatively much more 
rapid. In actual practice there seems to be a closer relationship in the 
average case between roentgenographic mutations and concurrent 
clinical manifestations than there is between the latter and physical 
signs. At any stage of destruction, repair may supervene and vice 
versa. It is impressive, in a way, to see in a given case the dissolution of 
fibrosis that has taken months to evolve. Forces of repair that have 
been slowly assembled may within the space of a few weeks become 
completely dissipated or so thoroughly overrun by the infiltration of new 
foci of destruction that they never again become reorganized. With 
the alternating ascendency of these conflicting mutations goes .an 
approximately corresponding fluctuation in clinical symptoms of con- 
valescence or recrudescence. 

In a previous paper I have referred to changes in the appearance of 
the hilum during the course of the disease. As the lesion advances the 
hilum always shares to a varying degree in the fuzziness and indistinct- 
ness that characterize the general picture. In addition it is usually 
enlarged, and often its identity is completely lost in the contiguous 
mottling. As perifocal haziness fades and repair progresses the struc- 
ture may be restored to its original size, shape and contour or something 
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close to it. It appears that the lymph nodes at the hilum actively 
participate in the perifocal allergic reactions and go through many of 
the mutations of the parenchymatous focus although, as we have seen, 
hilar caseation is rare. Remembering that the hilum is the point of con- 
fluence of the pulmonary lymph streams it is probable that a mechanical 
factor enters in, for Jarvis has described similar anatomic mutations at 
this region in the serial roentgenograms of pneumonokoniosis. 

Reference has already been made to a number of extrapulmonary 
changes accompanying progression and retrogression of pulmonary 
lesions. Most of these effects are mechanical but there is one particular 
density, commonly designated a pleural annular shadow, that is ex- 
plained apparently on other grounds and that deserves special mention. 
To date, the exact nature of this shadow, which often simulates a lung 
cavity, has not been determined. Sampson, Heise and Brown think 
that it usually indicates a localized pneumothorax, subsequent to lung 
rupture, while Honeij explains it on the basis of a simple pleurisy. Our 
studies have indicated that the latter explanation, with certain modifica- 
tions, is probably the correct one. The feature of practical significance - 
is that the pleural annular shadow develops and grows larger as an 
accompaniment of active pulmonary disease, while it decreases and 
disappears only when the disease becomes quiescent or retrogressive. 
A detailed consideration of the phenomenon is contained in a paper 
published some months ago. 

Inhibition of the diaphragm, apparently a reflex effect, is often seen on 
the side of the more extensive and more active lesion; less commonly 
both phrenic leaves are affected. Occasionally, inhibition increases as 
focal activity becomes more intense and decreases as retrogression 
becomes established. | 

A repetition of certain observations reported in previous papers has 
been included in this discussion for purposes of codrdination. In the 
main these studies have been intended to throw new light on old truths 
and to emphasize the method of serial roentgenography, not as a detached 
or self-sufficient procedure, but as a valuable supplemental means of 
studying clinical pulmonary tuberculosis. By its proper use, anatomic 
mutations and the immediate or remote effects of such mutations 
can certainly be more closely correlated and, granting this to be so, 
the ultimate benefits accruing can hardly be measured. Persevering 
attention to the fundamental necessity of correlating and organizing 
accumulated data, new and old, will assuredly direct us from many of the 
byways of sciolism into the true course of sound reasoning. 


JUVENILE TUBERCULOSIS 


JOHN B. HAWES, 2np 
Boston 


The diagnosis of pulmonary tuberculosis in the adult at the present time 
is in a fairly satisfactory condition and likewise, in my own state at least, 
the provision for treatment in sanatoria and hospitals is fairly adequate. 
When we come to the diagnosis and treatment of tuberculosis in children, 
however, we find a far different situation. Standards on which the diag- 
nosis of bronchial lymph node tuberculosis may be based are conspicuous 
by their absence, while institutions where children may receive prompt, 
proper and efficient treatment are, as yet at least, exceedingly rare. It is 
for this reason that I have chosen this subject, The Diagnosis of Juvenile 
‘Tuberculosis, believing it to be one of the very greatest importance and 
hoping that what I have to say will promote free discussion. 

Children with tuberculosis may be divided into three groups, as follows: 


1. Those who have a tuberculous infection causing no symptoms and 
presenting no signs. 

2. Those who have actual tuberculosis of the lung itself. Such cases 
are comparatively rare, easy to diagnose and require in the majority of 
instances prolonged hospital or sanatorium treatment. 

3. Children with bronchial node tuberculosis, causing both signs and 


symptoms. 
I shall confine myself to this last group and shall here consider only the 


diagnosis of this affection. In a recent article entitled, The Need of Sana- 
torium Treaiment for Tuberculous Children, Dr. Walter Griffin (1), in 
referring to the diagnosis of tuberculosis in children, uses the term ‘definite 
pulmonary signs” four times in the course of what he says, but he does not 
state what these “definite pulmonary signs’ are nor how to find them. 
My experience leads me to believe that ‘definite pulmonary signs” in 
bronchial node tuberculosis are rare. Some years ago Dr. Frederic C. 
Shattuck, one of the greatest clinicians it has been my privilege to know, 
was discussing hyperthyroidism at a clinic of fourth year students at the 
Harvard Medical School. A certain student, of a type which is always 
present in medical classes, leaned forward and asked Dr. Shattuck if a 
606 
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certain sign was not pathognomonic of this condition. Dr. Shattuck 
looked at him for a minute and then said, “Young man, ‘an evil and adul- 
terous generation seeketh after a sign and there shall no sign be 
given untoit’.” This, in my limited experience, applies to bronchial node 
tuberculosis. 

There are certain definite pulmonary signs, easily recognizable by any- 
one, in well advanced parenchymatous tuberculosis in children as well as 
in adults, the chief of which, naturally enough, is the presence of tubercle 
bacilliin the sputum. In tuberculosis of the bronchial nodes the situation 
is different. I donot believe that there are any one or two or three definite 
pulmonary signs of this condition. I know of no diagnosis which is based 
more on a general sizing up of the situation from every angle and the 
balance of one thing against another and the careful weighing of all the 
evidence pro and con than this. 

Dr. Lawrason Brown has helped us all in diagnosing pulmonary tubercu- 
losis in adults by the formulating of his five diagnostic points. With these 
we are all familiar. For my own benefit I had already prepared five diag- 
nostic points which I have found useful in the diagnosis of bronchial lymph 
node tuberculosis. I have used these points not only in the diagnosis of my 
own patients but for teaching purposes. These are as follows: 


1. A positive skin tuberculin test unless the child has recently recovered from 
measles or any of the other acute infections which might lead to a negative test, 
or unless the child has advanced tuberculosis. 

I do not see how there can be any difference of opinion concerning the 
need of having a positive tuberculin test of some form or other, with the ~ 
exceptions mentioned above, before one can come to a definite conclusion 
concerning tuberculosis of the bronchial nodes. It should likewise be 
remembered, however, that a positive tuberculin test alone does not neces- 
sarily mean tuberculosis of the bronchial nodes and that the diagnosis of 
this condition must be based on much more than this. 


2. A definite history of exposure from either human or bovine sources of 
tuberculosis. - 

In regard to this point, as in others entering into the diagnosis of this 
condition, the dictum that Absence of proof is not proof of absence holds true. 
Because it cannot be shown, for instance, that a given child has been 
exposed to tuberculosis, either human or bovine, is, of course, no proof 
that the child is not tuberculous. On the other hand, a definite history 
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of tuberculosis exposure is strong, confirmatory evidence that other-signs 
and symptoms which may be present: may likewise be due to tuberculosis. 
I have, therefore, placed this point second in my list. 


3. Constitutional signs and symptoms, particularly loss of weight or failure 
to gain weight, along with “ease of tire” or undue fatigue, fever or rapid 
pulse. 

The grouping of “failure to gain weight” over a period of six months 
along with “undue fatigue” or “ease of tire’ I believe to be important. 
I have seen children, in whom the diagnosisof tuberculosis of the bronchial 
nodes has been suggested, who undoubtedly have “undue fatigue” but 
who have been well nourished and fat, indeed rather too much so. I 
have seen others who have failed to gain weight or who have even lost a 
little weight over a period of months but whose parents have not noticed 
“undue fatigue” or ‘“‘ease of tire.” But these types of cases have generally 
turned out not to have tuberculosis. The combination of these two condi- 
tions I believe to be the most important of the constitutional signs and 
symptoms. Fever and rapid pulse are caused by too many other condi- 
tions to be of particular importance in this diagnosis. 


4. The presence of enlarged-bronchial nodes as shown by X-ray or by 
clinical examination of the chest. 

I hesitated long before I added the phrase “as shown . . . . by 
clinical examination of the chest.’ For my own purposes I should have 
left it out altogether because I believe that bronchial nodes are rarely 
recognizable by clinical methods alone unless they have reached such an 
extreme size that the diagnosis is apparent. These latter cases are rare. 
I have no doubt that there are clinicians who can satisfy themselves that 
they have demonstrated parasternal and interscapular dulness as indica- 
tions of enlarged bronchial nodes, but I confess that I have rarely been 
able to satisfy myself on this point. In every case, however, where I 
suspect that enlarged bronchial nodes may be present I try to elicit paras- 
ternal and interscapular dulness and shall continue to do so in the future 
hoping that some day perhaps I may gain valuable information thereby. 
I should not like to have any expressed opinion of my own make the routine 
examination of children by the general practitioner where the question of 
a diagnosis is so vitally important as it is here any less thorough or complete. 

I might well have added to my statement in regard to the X-ray the 
phrase, “interpreted by an expert.” I recently saw a child in whose chest 
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an enthusiastic clinician had percussed out parasternal dulness so that 
even I, a doubting Thomas in regard to this, was satisfied that such dul- 
ness existed. He said that it was due to enlarged bronchial nodes and he 
triumphantly demonstrated a shadow on the X-ray plate. The shadow 
did not look like bronchial nodes to me and I was relieved when later on 
the X-ray man who took the picture whispered to me that the shadow 
was due to an abnormal position of the great vessels and not to the en- 
largement of bronchial nodes. Such cases, however, are rare. 

Confirming my own skepticism in regard to the value of the d’Espine’s 
and Eustace-Smith’s signs and parasternal and intervertebral dulness, I 
would quote the following paragraph from the recently published report 
of a Committee of the National Tuberculosis Association which has made 
a detailed study of the X-ray and clinical findings in the normal chests of 
children six to ten years old (2). This committee was composed of Dr. 
H. K. Pancoast and Dr. H. R. M. Landis of the University of Pennsylvania, 
Dr. F. H. Baetjer and Dr. C. R. Austrian of the Johns Hopkins Uni- 
versity and Dr. H. K. Dunham and Dr. K. D. Blackfan of the University 
of Cincinnati. 

The paragraph to which I refer is as follows: 


Concerning the whispered voice sounds, little comment needs to be made 
other than to emphasize their loud transmission often with syllabation over 
the region of the major bronchi. Auscultation of these sounds over the upper 
thoracic spine of the children has led to the conclusion that D’Espine’s sign 
as indicative of enlarged tracheobronchial lymph nodes is, to say the least, 
of doubtful value. In 23 of the children, this sign was elicited without other 
signs of a mediastinal mass and without any corroborative evidence on X-ray 
examination. In 3, the sign could not be elicited, although from the X-ray 
plate it might have been inferred that it should be. Eustace-Smith’s sign 
is so generally present in normal children that it is of little or no practical 
diagnostic worth. The presence of these two signs together with impairment 
of resonance in the interscapular region is all too frequently made the premises 
for a diagnosis of tuberculosis of tracheobronchial lymph nodes. This is 
unwarranted for, as indicated, these signs are unreliable evidence of a patho- 
logical condition and the determination of a diminution of resonance in the 
interscapular region requires such a nicety of technique that even masters 
of percussion disagree as to the presence or absence of significant findings 
in this region of the chest. 


5. The absence of other evident sources of infection or toxemia, such as, 
(a) infected tonsils or adenoids, (b) carious teeth, (c) intestinal disturbances 
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and particularly a chronic appendicitis, and (d) other possible sources of 
infection, such as middle ear, lymph nodes in the neck, bronchopneumonia, 
measles, whooping cough, etc. 

This point is an entirely negative one but none the lessimportant. Re- 
cent experience has taught us all to how great a degree any acute infection, 
particularly influenza, may cause enlargement of the bronchial nodes, 
In addition to this, an infection from the throat, notably of the tonsils, 
will undoubtedly in some way which I cannot explain skip the cervical 
lymphatics, lodge at the hilum of the lungs and there cause enlargement of 
the hilum nodes. Dr. Elliott of Toronto told me of a case in which the 
removal of a ‘“‘chronic appendix’’ was at once followed by the subsidence 
to their normal size of the bronchial nodes which prior to this had been 
considerably enlarged. It is unnecessary to comment on the other sources 
of infection. 

These, then, are the five points to which I should give most serious 
consideration before making a definite diagnosis of bronchial node tuber- 
culosis. ‘The only one, the presence of which I should insist upon with the 
exceptions mentioned above, is a positive tuberculin test. In the great 
majority of cases likewise I believe that there should be X-ray evidence of 


lymph node enlargement. The other three points are important but not 
necessarily essential to the diagnosis. 
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THE AMERICAN SANATORIUM ASSOCIATION’S CLASSI- 
FICATION OF PULMONARY TUBERCULOSIS! 


Prefatory Note 


The first action taken by the American Sanatorium Association on the 
classification of pulmonary tuberculosis was in 1909, when a committee 
was appointed to consider the advisability of revising and amplifying the 
schema adopted by the National Tuberculosis Association (then the 
National Association for the Study and Prevention of Tuberculosis), 
May 18, 1905. This committee studied not only classification but also 
standards of examination and statistical tabulation of sanatorium cases; 
the complete report as adopted was published under the joint authorship 
of the committee which was composed of H. L. Barnes, Lawrason Brown, 
H. S. Goodall, Estes Nichols and L. Rosenberg (J. Am. M. Ass., Sep- 
tember 25, 1909, litt, 1053). In 1912 the same committee with the ad- 
dition of H. M. King recommended a further slight revision that was 
adopted. Prompted by this action the National Tuberculosis Association 
appointed a committee of seven to consider the wisdom of making changes; 
the report of this committee was approved in 1913 and the classification 
as drafted at that time stands to-day as the official schema of the National 
Tuberculosis Association. 

In December, 1916, the American Sanatorium Association, acting on 
the recommendation of a committee composed of W. L. Rathbun, 
Lawrason Brown and Elliott Washburn, adopted a rearrangement of the 
classification. This retained the text of the 1913 classification of the 
National Tuberculosis Association but provided for the grouping of 
anatomic findings and symptoms under different headings. It was 
published as a committee report sent to members of the Association, 
August 15, 1916, and also in Rathbun’s article in the AMERICAN REVIEW 
or TUBERCULOSIS, 1917, i, 1. 

It should be noted that this classification, as finally adopted, differs 
slightly from the form in which it was originally suggested by Doctor 
Rathbun and printed in the Transactions of the National Association 
for the Study and Prevention of Tuberculosis, 1916 (page 432). The 

1 Modified to include roentgen ray findings and adopted at the seventeenth spring meet- 


ing, Washington, D. C., May 3, 1922. 
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numerical grouping (Stage I, Stage II, Stage III) was omitted and 
the text was slightly altered by the committee named in the preced- 
ing paragraph. The classification, as adopted, was never published in 
the Transactions, but only in the places mentioned above. 

At its sixteenth midwinter meeting at Rochester, New York, in 
December, 1920, the American Sanatorium Association voted to consider 
the matter of modifying its classification to include roentgen ray findings, 
and the undersigned committee was named to report later with recom- 
mendations. Such a modification was drafted and a preliminary report 
was made at the next spring meeting in New York, when it was decided 
to give the plan a practical trial for a year. At this and at the 
seventeenth midwinter meeting the subject was discussed at some length. 
Members of the Association were also solicited by letter for suggestions 
and criticisms arising in the application of the plan. A final draft 
embodying a number of suggested alterations was presented at the last 
spring meeting, May 3, 1922, in Washington and, after several doubtful 
points were settled, it was adopted. The schema as outlined below is 
authorized, therefore, as the official classification of the American 
Sanatorium Association and, as such, must be distinguished from the 


existing classification of the National Tuberculosis Association. 
(Signed) CHARLES S. RocKHILL, Cincinnati, Ohio, 
A. B. Crappock, Raybrook, New York, 
J. Burns AMBERSON, JR., Chairman, Loomis, New York, 
Committee on Modification of Classification. 


SCHEMA FOR THE CLASSIFICATION OF PATIENTS ON EXAMINATION 


SYMPTOMS 
A: (Slight or none): Slight or 


LESION 
Minimal: (Incipient): Slight 


lesion limited to a small part of one 
or both lungs. 

No serious tuberculous compli- 
cations. 


no constitutional symptoms, in- 
cluding particularly gastric or in- 
testinal disturbance or rapid loss 
of weight; slight or no elevation of 
temperature or acceleration of 
pulse at any time during the 
twenty-four hours. 

Expectoration usually small in 
amount or absent. 

Tubercle bacilli may be present 
or absent. 
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Moderately advanced: A lesion B: (Moderate): No marked im- 
of one or both lungs, more widely pairment of function, either lo- 
distributed than under Minimal, cal or constitutional. 
the extent of which may vary, ac- 
cording to the severity of the dis- 
ease, from the equivalent of one- 
third the volume of one lung to the 
equivalent of the volume of an en- 
tire lung with little or no evidence 
of cavity formation. 

No serious tuberculous compli- 
cations. 

Far advanced: A lesion more ex- C: (Severe): Marked impair- 
tensive than under Moderately Ad- ment of function, local or consti- 
vanced. Or definite evidence of tutional. 
marked cavity formation. 

Or serious tuberculous compli- 
cations. 


SCHEMA FOR THE CLASSIFICATION OF SUBSEQUENT OBSERVATIONS 


Apparently cured: Allconstitutional symptoms and expectoration with 
bacilli absent for a period of two years under ordinary conditions of life. 

Arrested: All constitutional symptoms and expectoration with bacilli 
absent for a period of six months; the physical signs to be those of a healed 
lesion; roentgen findings to be compatible with the physical signs. 

Apparently arrested: All constitutional symptoms and expectoration 
with bacilli absent for a period of three months; the physical signs to be 
those of a healed lesion; roentgen findings to be compatible with the 
physical signs. 

Quiescent: Absence of all constitutional symptoms; expectoration and 
bacilli may or may not be present; physical signs and roentgen findings to 
be those of a stationary or retrogressive lesion; the foregoing conditions 
to have existed for at least two months. 

Improved: Constitutional symptoms lessened or entirely absent; 
cough and expectoration with bacilli usually present; physical signs and 
roentgen findings to be those of a stationary or retrogressive lesion. 

Unimproved: Essential symptoms unabated or increased; physical 
signs and roentgen findings to be those of an active or progressive lesion. 

Died. 
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SPECIAL PROVISIONS AND DEFINITION OF TERMS 


It is expected that all sanatoria or others using this classification will 
specify in their reports whether or not roentgen ray pictures have been 
used. 

Physical signs and roentgen findings are often at variance, and a 
given lesion should be classified by the method revealing the greater 
extent or intensity. For the convenience of those who want to specify 
in each case the basis of classification the following optional schema of 
symbols is provided: When roentgen findings or physical signs are the 
basis of the classification, the letter (R) or the letter (P) may be written, re- 
spectively, after the group title, as Moderately Advanced (R) or Moderately 
Advanced (P). When the two examinations agree the symbol (PR) may 
be used. If a case is classified Far Advanced solely because of the presence 
of a serious tuberculous complication the symbol (Comp.) may be affixed. 

It should be made clear that roentgen findings may be positive where 
physical signs are negative or doubtful or, less frequently, that definite 
tuberculosis may exist without demonstrable roentgenographic change. 

Pneumothorax, spontaneous or induced, is to be regarded as a serious 
complication and its presence places the case in the Far Advanced group. 


If, at the time of discharge, pneumothorax exists, the patient’s condition 
is not to be considered as better than Improved. 
This classification provides for the following groups and subgroups: 


Minimal A Moderately Advanced A Far Advanced A 
Minimal B Moderately Advanced B Far Advanced B 
Minimal C Moderately Advanced C Far Advanced C 


The following definitions of roentgen findings are based on the study of 
stereoscopic negatives (plates or films). Fluoroscopy may be of help but, 
alone, is of less value. 


UNDER MINIMAL 


1. Slight Lesion: 

(a) Physical Signs: Possibly slight depression above or below the 
clavicle, lessened movement of the chest, narrowing of the isthmus of 
apical resonance or restricted diaphragmatic excursion; slight or no impair- 
ment of resonance; slight or no change in quality or intensity of breath 
sounds, with or without some change in the rhythm (that is, prolonged 
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expiration); vocal resonance possibly slightly increased; rAles present, 
absent or transitory. If sputum contains tubercle bacilli, any of these. 
(b) Roentgen Findings: Roentgenograms to show lessened trans- 
mission of light in the form of poorly defined, light mottling or diffuse 
haziness interpreted as infiltration or conglomeration of tubercle, or more 
intense shadows of a well defined, stellate or fibrillar character inter- 
preted as fibrosis, with or without opacities interpreted as calcification. 
2. A Small Part of One or Both Lungs: Total volume of involvement, 
regardless of distribution, shall not exceed the equivalent of the volume 
of lung tissue which lies above the second chondrosternal junction and 
the spine of the fourth or body of the fifth thoracic vertebra on one side. 


UNDER MODERATELY ADVANCED AND FAR ADVANCED 


3. Lesion Allowable under Moderately Advanced: One or both lungs may 
be involved but the total involvement shall not exceed the following 
limits: 

(a) Slight disseminated infiltration or fibrosis which may extend 
through not more than the equivalant of the volume of one lung. 

(b) Severe infiltration with or without fibrosis which may extend 
through not more than the equivalent of one-third the volume of one 
lung. 

(c) Any gradation within the above limits. 

(d) Total diameter of cavities, if present, should not exceed 2 cm. 

4. Physical Signs of Moderately Advanced Lesions are more variable 
than those of Minimal lesions and do not usually determine the exact 
extent of the involvement. 

5. Roentgen Findings in Moderately Advanced Lesions: Roentgeno- 
grams to show shadows similar in character to those described under 
Minimal (paragraph J. b) but more extensive or more intense, with or 
without areas of rarefaction interpreted as cavity formation. 

6. Definite Evidence of Cavity Formation: Tubercle bacilli usually 
present; elastic fibres may be present in sputum. Physical signs may not 
be definite but a combination of any four of the following signs is to be 
taken as indicative of cavity formation: (1) bubbling or consonating 
rales; (2) cracked-pot note; (3) amphoric breathing; (4) intense whisper- 
ing pectoriloquy; (5) post-tussive suction. Roentgenograms to show 
single or multiple areas of rarefaction surrounded by dense borders. 

7. Serious Complications: These should be limited to tuberculous 
complications affecting any organ or tissue to such an extent as to impair 
seriously local function, as determined by symptoms, and influence 
unfavorably the prognosis of the case. 
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UNDER SYMPTOMS 


8. Slight Constitutional Symptoms: Slight impairment of digestion; 
slight loss of appetite, of strength, of weight; lassitude; nervousness; 
possibly slight acceleration of pulse or possibly slight elevation of 
temperature. (See definitions no.9 and no. 10.) The impairment of 
health may be hardly apparent, objectively or subjectively. 

9. Slight Elevation of Temperature: Maximum temperature after rest 
for one-half hour seldom over 99.5° F. by mouth, or 100.5°F. by rectum. 

10. Slight Acceleration of Pulse: Maximum pulse rate seldom over 
90 per minute for men and 96 per minute for women, after resting for 
one-half hour, sitting or lying, except when due to causes other than 
tuberculosis. 

11. Absence of Tubercle Bacilli: Each monthly examination, if the 
sputum has previously been negative, to consist of careful microscopic 
inspection with a mechanical stage of two smears, devoting at least three 
minutes to each smear made from selected particles (at least six from 
different parts) of the sputum on each of three successive days. The 
morning sputum should always be obtained, or, better, the minute bits 
that some patients raise at infrequent intervals. In case the findings are 
negative the total amount of sputum collected on three successive days 
should be concentrated and examined microscopically. Animal inocula- 
tion or cultural implantation is desirable when indicated. 

12. Marked Impairment of Function, either Local or Constitutional: 

Local: Marked dyspnea on exertion, limiting seriously the patient’s 
activity. 
Constitutional: Marked weakness, anorexia, tachycardia. 


UNDER APPARENTLY CURED, ARRESTED AND APPARENTLY ARRESTED 


13. Constitutional Symptoms: These include elevation of temperature, 
loss of weight, loss of strength, night sweats, chills, tachycardia, cyanosis, 
loss of appetite, amenorrhea, etc. 

14, Ordinary Conditions of Life: This term as used implies that the 
patient is able to live in an environment where he is able to support 
himself without the assistance of others, or to live in his former sur- 
roundings and pursue his former occupation. 

15. Physical Signs of a Healed Lesion: These may embrace every 
physical sign of infiltration or consolidation with the exception of rales, 
which must be permanently absent, except possibly a few fine rales at 
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the base, probably atelectatic in origin, and at one apex or over a small 
part of one lung. (See definition no. 2.) Fine rales in the latter two 
places are to be heard only during cough, at the end of aprolonged expira- 
tion, or during the inspiration which follows cough. There are no certain 
criteria of a healed lesion and this definition has its exceptions. 

16. Apex: That portion of the lung situated above the clavicle and 
the third thoracic spine. 

17. Roentgen Findings Compatible with Physical Signs of a Healed 
Lesion: Roentgenograms to show clearing, fibrosis, calcification or a 
stationary condition. 

UNDER IMPROVED 

18. Constitutional Symptoms Lessened or Entirely Absent: Improve- 
ment in general condition as shown either by gain in both weight and 
strength or by reduction of previous febrile temperature to normal with- 
out loss of strength. 


UNDER UNIMPROVED 


19. Essential Symptoms: These include, among others, loss of weight, 
impairment of strength and appetite, night sweats, hemoptysis, pleurisy, 


dyspnea, fever, tachycardia, cough and expectoration. 


Jonathan Bailey Rogers 
1886-1922 


Jonathan Bailey Rogers died of pulmonary tuberculosis, July 15, 
1922, at Edward Sanatorium, Naperville, Illinois. The end came 
after an unusually brave fight against disease, contracted perhaps in 
the line of duty and devotion to study. It closed a no less manly and 
painful struggle to achieve something worth while out of a lowly 
origin and scanty recources. It means for us in tuberculosis a loss 
which we can ill afford. 

The barest sketch of Roger’s life is an inspiration. He was born, 
August 17, 1886, in the mountains of Tennessee, near a place called 
Flinn’s Lick. His father was a farmer; his people were poor. After 
working on his father’s farm until he was nineteen, he borrowed money 
from a neighboring farmer and entered the medical department of the 
University of Nashville. A year here made him realize the deficiency 
of his early education and led him to return to the farm. After 
another year he took up the study of pharmacy at Vanderbilt Univer- 
sity, and upon the completion of his course entered Vanderbilt Medical 
College, from which he was graduated in 1910. He now worked a 
year in the department of bacteriology of Vanderbilt and then went 
to Chicago. Here he met Dr. Theodore B. Sachs who found a place 
for him at the Edward Sanatorium. 

With few facilities for study and with little training Rogers made 
his way. At Edward Sanatorium he came into association with 
Corper who was of great assistance to him. ‘Of the many men with 
whom Dr. Sachs came in contact,” writes a friend, ‘‘he (Rogers) 
was one who tried to do research in spite of tremendous working 
handicaps.”” From Edward Sanatorium he advanced to pathologist 
at the State Hospital for the Insane, Independence, Iowa (1914); 
and in 1919 became pathologist and director of the Percy Shields 
Memorial Research Laboratory of the Cincinnati Tuberculosis Sana- 
torium, a position which he held during the rest of his life. 

About four years ago Rogers became interested in experimental 
tuberculous infection by inhalation. His investigations involved the 
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spraying of guinea pigs with moist sputum. Several months after he 
began this work he fell ill with pulmonary tuberculosis (1919). It 
will always be questionable whether his illness resulted from infec- 
tion received in the course of his experiments. His physicians believe 
that it did, and it is known that physical examination several years 
earlier had disclosed no clinical tuberculosis in him. 

His real strength of character now appeared. Gravely ill for 
several years, he made this his productive period. He worked in his 
laboratory “‘until he became so weak that he had to be carried to his 
desk.” The night before he died he asked that his autopsy records 
be brought to him, that he might review them and study the cases. 
During the latter part of his life, his wife, who had always been of 
great assistance to him in his work, carried on the active laboratory 
work. She is now preparing for publication the studies which occu- 
pied him during the last few hours of his life. 

His wife was Miss Helen Bush, who had been his laboratory assistant 
at Independence and whom he married in 1919. They had one child, 
a daughter not quite two years old. 

I quote, not stereotyped phrases of formal eulogy, but the sincere 
words of admiration written in sorrow by an old friend, who in a 


postscript to a business letter tells me of Roger’s death: 


He was, indeed, an honor to an honorable profession, and his unselfish 
devotion to research in tuberculosis was an inspiration to all with whom 
he came in contact. He was a physician worthy of the name. 


A. K. K. 


CONTRIBUTIONS OF JONATHAN BAILEY ROGERS TO MEDICAL LITERATURE 
1912 


With Anne I. Murphy: The antiformin sedimentation method of sputum examination for 
tubercle bacilli, Illinois M. J., xxii, 336. 


1913 


With Anne I. Murphy: The finding of acid-fast bacilli in the circulating blood, J. Am. 
M. Ass., lx, 995. 


1914 
Secondary infections in tuberculosis, Southern M. J., vii, 129. 


The leucocytes in pulmonary tuberculosis, Iowa M. J., xx, 532. 
A brief study of the blood picture in some forms of psychosis, Ibid., xx, 594. 


IN MEMORIAM 


1915 


With Margaret Carroll: An analysis of the blood findings in uncomplicated cases of psycho- 
sis, Bull. Iowa Inst., xvi, 303. 
The cytology of the blood stream in apparently normal individuals, J. Iowa State Med. 


Soc., v, 275. 
Some observations on the normal blood count, Bull. Iowa Inst., xvi, 132. 


1917 


Bacillus epilepticus, J. lowa State Med. Soc., vii, 180. 


1919 


The production of pulmonary tuberculosis in guinea pigs by means of finely divided drop- 
lets of sputum, Amer. Rev. Tuberc., iii, 238. 


1920 


Further observations on the artificial tuberculous infection of guinea pigs through the 
respiratory route, Ibid., iii, 750. 

The effect of ether anesthesia and subcutaneous injections of ether on the circulating 
leucocytes, Amer. J. Surg. (Anesthesia Suppl.), xxxiv, 46. 

Studies on the viability of the tubercle bacillus, Amer. J. Pub. Health, x, 345. 

Studies on the effect of ether on experimental tubercle bacillus infections, Ohio State M. J., 
xvi, 509. 

Complement fixation in tuberculosis and a comparison of the Wassermann and Hecht- 
Weinberg-Gradwohl systems, J. Infect. Dis., xxvii, 101. 

A comparison of gross tuberculous lesions in whites and negroes as based on 150 autopsies, 


Amer. Rev. Tuberc., iv, 669. 
The relation of contact with the tubercle bacillus to the development of tuberculosis in 


adults, J. Am. M. Ass., Ixxv, 1690. 
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Studies on the effects of nitrous oxide-oxygen anesthesia on animals infected with tubercu- 
losis through the respiratory tract, Amer. J. Surg. (Anesthesia Suppl.), xxxv, 34. 
The effect of nitrous oxide, natural gas and formaldehyde on experimental tuberculosis, 


Amer. Rev. Tuberc., v, 637. 
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The effect of sunlight and oven heat on experimental tuberculosis, Ibid., vi, 119. 
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A DISCUSSION OF CLASSIFICATIONS OF PULMONARY 
TUBERCULOSIS! 


THE ANATOMIC VERSUS THE PHYSIOLOGICAL CONCEPT 


F. M. POTTENGER 


Monrovia, California 


The development of medicine during the past half century has been 
along lines which have accentuated the anatomic idea. Normal and 
pathological cells and normal and pathological groups of cells as we find 
them in organs have been the burden of investigation. Form and struc- 
ture have been given a place of greater importance than function. 

This character of study has completely dominated medical discussions. 
In medical societies, papers and discussions have been classified and rated 
very much according to their treatment of the pathological changes in 
the tissues involved. A feeling of satisfaction has always followed the 
presentation of a specimen or a microscopic slide showing anatomic 
change. The changes in function, however, which are represented by 
the symptoms and constitute the pathological physiology of the case are 
often, in fact are usually hurriedly and inadequately described; and rare- 
ly is any attempt made to explain the manner of their causation. Re- 
gardless of the fact that diagnosis depends largely upon the recognition 
of disturbance of function and the further fact that the restoration of 
normal function is the chief purpose of therapy, this phase of medicine 
has received scant consideration. 

The anatomic conception has led to a one-sided magnification of the 
organ as a structure rather than as a functionating group of cells, in- 
fluencing and being influenced by other organs through the nerves and ‘ 
internal secretions: size, position and pathological change in cells and 
organs have meant more than function. It has further led to the 
grouping of specialities according to the organ involved. These con- 
ceptions of disease are extremely narrow. Tonsillitis is only accidentally 
a disease of the tonsil. In reality it is an infection produced by a micro- 


1Read at the Eighteenth Annual Meeting of the National Tuberculosis Association, 
Washington, D. C., May 4-6, 1922. 
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organism which in this particular instance happens to be in the tonsil; 
but because of its location its treatment is assumed by the laryngologist. 
The same germ in the ear calls for an otologist; in the heart for a car- 
diologist; in the lung for a lung specialist; in the appendix for a surgeon; 
in the joint for an internist. Pneumonia and typhoid fever are not 
diseases confined to the lung on the one hand and the intestines on the 
other. Both are general infections; but we have not learned to think 
of them in that way. So is tuberculosis a general infection which locates 
now in the lung, now in the kidney, joint or some other structure. Its 
intelligent treatment calls for an internist who has a broad grasp of the 
human body. 

Disease affects normal structure and converts it into morbid structure. 
This change is not of serious import, unless it is accompanied by altered 
function, either local or in other parts of the body. The various changes 
in function which accompany disease are recognized as symptoms; and, 
taken together, make up the picture by which the disease is known and 
recognized. Anatomic change may be very extensive and yet not be 
serious; but, if it produces marked disturbance in function, it may be- 
come a menace to the body, no matter whether the anatomic extent be 
great or small. 

An anatomic concept of disease affords a very poor basis for prognosis. 
On the other hand, a physological concept affords a picture of the manner 
in which the body is reacting toward the disease and gives a better basis 
upon which to make a prognosis. A broad view of medicine, however, 
can only be attained by a combination of the two concepts. 

In tuberculosis, we have been guided and bound by the anatomic con- 
cept. We have classified the disease into stages marked by arbitrary 
boundaries. Every classification has been at bottom an anatomic 
one. 

The classification of Turban into stages I, II and III according to the 
extent of the lesion, has been accepted and made the basis of all adopted 
classifications. While it has been modified, it nevertheless seems im- 
possible to get away from it. 

Turban’s original classification (1) was as follows: 


Stage I: Slight lesion not to exceed one lobe in extent. 

Stage IT: Slight lesion not to exceed two lobes in extent, or, if a more 
serious lesion, not to exceed one lobe in extent. 

Stage IIT: All lesions more extensive than those of stage IT. 
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In discussing this classification before the First International Confer- 
ence on Tuberculosis in Berlin in 1902, Turban (2) said, “I have shown 
that the prognosis of pulmonary tuberculosis is not dependent so much 
upon any other factor as its degree of spreading in the lungs.” And in 
explanation of the terms used he said: 


As a slight lesion is to be understood disseminated nodules which are 
recognized on physical examination by slight impairment of the percussion note, 
rough, weakened vesicular, vesiculobronchial or bronchovesicular breathing, 
and fine and medium rales; as a severe lesion is to be understood dense infiltra- 
tion and cavity which are to be recognized by dulness or tympanitic percussion 
note, weak bronchovesicular, bronchial or amphoric breath sounds, and me- 
dium or large or metallic rales. Slight pleuritic dulness is to be left out of 
account, but when it is extensive it is to be considered as a complication. The 
“volume of one lobe” is the same as “two half lobes.” Slight changes in 
breath sounds without percussion changes and réles are not to be considered. 


At the Sixth International Conference held in Vienna in 1907, the 
Turban-Gerhardt Classification, as followed by the Imperial German 
Board of Health (3), was adopted. This follows the same anatomic 
scheme as suggested by Turban but lessens the amonnt of involvement 
for the various stages, and modifies and clarifies the descriptions in cer- 
tain respects as follows: 


Classification Turban-Gerhardt (Imperial German Board of Health): (R = right; 
L = left) 


I. Disease of slight severity, limited to small areas of one lobe; in case of 
affection of both apices the disease does not extend beyond the spine of the 
scapula and the clavicle; in case of affection of one apex, it does not extend 
beyond the second rib anteriorly. 

IT. Disease of slight severity, more extensive than J, but affecting at most 
the volume of one lobe; or severe disease, extending at most to the volume of 
one-half lobe. 

III. All cases extending beyond JJ, and all such with considerable cavity 
formation. 

By disease of slight severity is to be understood disseminated foci manifested 
by slight dulness, indistinct rough or weak vesicular, veisculobronchial, or 
bronchovesicular breathing and fine and medium rAles. 

By severe disease: dense infiltration recognized by marked dulness, very 
weak (indeterminate) bronchovesicular or bronchial breathing, with or without 
rAles. 
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Considerable cavity formation, as recognizd by tympanitic sound, am- 
phoric breathing, and extensive, coarse consonating rales come under 
stage III. 

Pleuritic dulness, if only of a few centimetres’ extent, is to be left out of 
account; if it is considerable, pleuritis should be specially mentioned under 
tuberculous complications. 

The stage of disease is to be indicated for each side separately. The case, 
as a whole, is to be classified according to the more diseased side; for example, 
R II, L I—Stage I. 


The National Association for the Study and Prevention of Tuberculosis 
followed the dominant anatomic basis of the Turban and Turban-Ger- 
hardt classifications but added a physiological conception by requiring 
the consideration of symptoms in determining the status of the patient. 
This was a real advance in the conception of the disease. In practice, 
however, it seems that the anatomic overshadows the physiological 
aspects. The classification is as follows: 


Incipient: Slight or no constitutional symptoms (including particularly 
gastric. or intestinal disturbance or rapid loss of weight). Slight or no eleva- 
tion of temperature or acceleration of pulse at any time during the twenty- 
four hours. 

Expectoration usually small in amount or absent. Tubercle bacilli may be 
present or absent. 

Slight infiltration limited to the apex of one or both lungs or a small part of 
one lobe. 

No tuberculous complications. 


Moderately Advanced: No marked impairment of function, either local or 
constitutional. 

Marked infiltration, more extensive than under incipient, with little or no 
evidence of cavity formation. 

No serious tuberculous complications. 


Far Advanced: Marked impairment of function, local and constitutional. 
Extensive localized infiltration or consolidation in one or more lobes. 
Or disseminated areas of cavity formation. 

Or serious tuberculous complications. 


This was further amplified and the physiological conception further 
emphasized by Rathbun and adopted by the American Sanatorium 
Association in 1916, as follows: 


% 
¥ 


LESIONS 


Incipient: Slight infiltration limited 


asmall part of onelobe. No tu- 
berculous complications. 
Moderately Advanced: Marked infil- 
tration, more extensive than under 
incipient, with little or no evidence 
of cavity formation. No serious 
tuberculous complications. 


Far Advanced: Extensive localized 
infiltration or consolidation in one 
or more lobes. Or Cisseminated 
areas of cavity formation. . Or ser- 
ious tuberculous complications. 
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to the apex of one or both lungs, or 


Acute Generalized Miliary Tuberculosis. 


This scheme offers the following combinations: 


SYMPTOMS 


A: (Slight or none): Slight or no con- 


stitutional symptoms, including 
particularly gastric or intestinal dis- 
turbance, or rapid loss of weight; 
slight or no elevation of tempera- 
ture or acceleration of pulse at any 
time during the twenty-four hours. 
Expectoration usually small in 
amount or absent. Tubercle bacilli 
may be present or absent. 


B: (Moderate): No marked _impair- 


ment of function, either local or 
constitutional. 


C: (Severe): Marked impairment of 


function, local and constitutional. 


Incipient A. Moderately Advanced A. Far Advanced A. 
Incipient B. Moderately Advanced B. Far Advanced B. 
Incipient C. Moderately Advanced C. Far Advanced C. 


In addition to the classification already adopted, Brown, Heise and 


Sampson (4) suggested the following X-ray findings: 


Minimal: X-ray findings to show a total area involved (parenchymatous) 


not greater than the area to the upper level of the 2d chondrosternal junction 
on one side (both sides may be involved) in the form of scattered mottling, or 


an intense shadow interpreted as pleuritic. 


Moderately Advanced: The X-ray to show an intense shadow, not interpreted 
as pleutitic, of no greater exent than the area above the upper level of the 4th 
chondrosternal junction on one side; or areas of rarefaction interpreted as 
cavities limited to one interspace; or scattered mottling over a greater area 
than under Minimal, but not greater than the area of one entire lung and to 
the level of the 2d chondrosternal junction on the opposite side. 

Far Advanced: The X-ray to show an intense shadow, not interpreted as 
pleuritic, of greater extent than the area above the upper level] of the fourth 
chondrosternal junction of one side, or areas of rarefaction interpreted as 
cavities, greater than one interspace, or scattered mottling greater in extent 


than under “moderately advanced.” 
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The following will be the conditions on discharge: 

Apparently Arrested: All constitutional symptoms and expectoration with 
bacilli absent for a period of three months; the physical signs and X-ray 
findings to be those of a healed lesion. 

Quiescent: Absence of all constitutional symptoms; expectoration and bacilli 
may or may not be present; physical signs and X-ray findings to be stationary 
or retrogressive; the foregoing conditions to have existed for at least two 
months. It must be borne in mind that increase of physical signs with lessen- 
ing of symptoms and improvement of general condition may occur in quiescent 
cases. However, in these cases the X-ray must be stationary or retrogressive. 
The length of time mentioned is, of course, somewhat arbitrary, but is in- 
tended to cover the cases which frequently occur where the patients leave a 
sanatorium for various reasons, contrary to advice, after a stay of a few 
weeks, although all active symptoms may have ceased completely soon after 
entrance. 

Improved: Constitutional symptoms lessened or entirely absent; physical 
signs and X-ray findings improved or unchanged; cough and expectoration 
with bacilli usually present. 

Unimproved and Progressive: All essential symptoms, physical signs and 
X-ray findings unabated or increased. 

Died. 


Ultimate results 


Apparently Cured: All constitutional symptoms and expectoration with 
bacilli absent for a period of two years under ordinary conditions of life. 

Well: Patients who fulfil all the conditions required under Apparently 
Cured but about whose sputum no definite information can be obtained. 

Arrested: See Quiescent above. 

Improved: See above. 

Progressive: See above. 

Dead. 


Precedent to a discussion of classifications it is well to consider’ the 
purposes which they are intended to serve. Prior to the beginning of the 
present century tuberculosis had received but scant attention at the 
hands of medical men. Then the disease began to lose its hopelessness 
and a great interest was created throughout the medical world in its 
prevention and cure. Turban offered his classification at that time as a 
means “of arriving at uniformity” in reporting patients and the result 
of their treatment, believing that “its degree of spreading’ was the most 
important factor in prognosis. 


a 
4 
| 
| 
| 
| 


CLASSIFICATIONS OF PULMONARY TUBERCULOSIS 627 


Uniformity presupposes that all examiners have equal or nearly equal 
ability to examine and that all examine with equal care; and, further, 
that all interpret with equal judgment; but such is not the case. Classi- 
fications have served good purposes, but thay have done this in spite of 
the fact that they have not produced uniformity. Classification of the 
disease in stages has done much to show that the less extensive cases of 
tuberculosis, without marked physiological disturbance, are the more 
favorable ones for treatment. It has further demonstrated to more 
careful observers that anatomic extent, without taking into consideration 
physiological severity, is of comparatively little value in prognosis ex- 
cept when gross destruction of tissue has occurred, and has also caused 
examiners to study their cases with greater earnestness and examine 
with greater care, a very important thing during the period when the 
study of clinical tuberculosis was in the stage of rapid development. 

The greatest error fostered by following classifications is that of im- 
pressing upon the mind that the extent of the lesion is the greatest factor, 
and that the seriousness of the case can be mechanically measured. It 
has caused workers to concentrate their attention upon the disease in- 
stead of on the patient. While the classifications which are followed in 
this country are a combination of extent and character of the lesion on 
the anatomic side and the manner in which the patient is reacting on the 
physiological side, yet in reality the anatomic side is uppermost in the 
minds of nearly all observers. Aside from emphasizing the anatomic 
side unduly, where the physiological side is considered the symptoms are 
treated too much as though they were distinct and separate phenomena 
always caused by the same condition. It is an attempt to assign 
mechanical exactness to processes which by nature are most inexact. 

All classifications emphasize and aim at the myth of medicine, “uni- 
formity” when, in actual practice, uniformity cannot exist. 

As long as the balance between the developing powers of bacilli and 
the resistant qualities of different patients differ and as long as the 
nervous, chemical and physical equilibrium of patients differ, so long will 
uniformity in disease of the human being be unattained and unattainable. 
Race, age, economic status, constitution, growth, nerve and chemical 
balance, and psychical equilibrium are some of the factors that must be 
considered in every case. Likewise, the ability of the examiner and the 
methods used permit of a very great variation. In no way can this be 
illustrated better than in the examination of sputum for bacilli. 
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The determination of the presence or absence of bacilli in the sputum 
as carried out in laboratory practice is a very inexact procedure and, 
even as suggested in the classification adopted by the National Tubercu- 
losis Association, is subject to great error. The requirements as sug- 
gested are as follows: 


A careful microscopic examination with a mechanical stage of two smears, 
devoting at least three minutes to each smear, made from the selected particles 
{at least six from different parts) of the sputum on each of three successive 
days. The morning sputum should always be obtained, or better the minute 
bits that some arrested patients raise at very infrequent intervals. It is not 
yet deemed wise to insist on digestion and centrifugalization or oninoculation 
of guinea pigs. 


In a comparison of the direct smear method with a method of enrich- 
ament, which we use in our laboratory, it was shown that in 409 compari- 
sons the number of bacilli found in a given time of search was 14.7 times 
greater in the latter than in the former. In order to find a single bacillus 
in fifteen minutes’ search, in a direct smear, Dr. J. E. Pottenger has com- 
puted that there must be about two thousand bacilli present in one cubic 
millimetre of centrifugated solid material. The enrichment method 
gives nearly fifteen times as many bacilli. The length of time spent in 
searching a preparation in case of rare bacilli is also of great importance. 
This is shown in a series of 384 preparations in which bacilli were found, 
averaging less than one per minute’s search. The following table pre- 
sents the relative value of various units of searching time: 


Diagnosis made in 1 minutes’ search, 29 per cent 
Diagnosis made in 3 minutes’ search, 59 per cent 
Diagnosis made in 5 minutes’ search, 72 per cent 
Diagnosis made in 10 minutes’ search, 92 per cent 
Diagnosis made in 15 minutes’ search, 100 per cent 


Search was carried out in some instances for two hours, but it was found 
that only rarely was a diagnosis made after the fifteenth minute. There- 
fore, we have established this enrichment method with fifteen minutes’ 
search as the standard in our work. 

It is desirable to know as nearly as possible what are the chances for a 
given patient to improve, or to bring his disease to a state of quiescence 
or arrestment; but such an opinion cannot be given except after studying 
the individual from many different angles over an indefinite period of 
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time. The disease is a chronic one and shows different phases at different 
times. It cannot be judged by the extent of the lesion alone, nor by its 
character, nor by the symptomatology at the time of examination, nor 
by the symptoms which are observed over any brief period. An opinion 
on prognosis must be based on the examiner’s opinion after all available 
data have been considered, and after the patient has been observed long 
enough to show the particular type that the disease represents, and the 
character of the patient’s resistance. It seems to me that we should 
treat the disease, tuberculosis, in the same manner that we treat other 
diseases, and that our classification should be a judgment based on al 
available data. The most important thing for the physician to know 
from the anatomic basis is, not the extent, but whether the case is fibroid 
or necrotic in type; or predominantly fibroid or predominantly necrotic 
in type; and whether the process is progressive or stationary; and, from 
the physiological standpoint, how the disease is affecting the physiologi- 
cal processes of the body of the patient. From this we may determine 
that a given patient presents a favorable, doubtful, or unfavorable aspect, 
the same as we do in other diseases. The nature of this opinion, however, 
must necessarily differ with the examiner’s experience and ability the 
same as in dealing with other diseases. 

Such a classification would be based on the same principles that govern 
prognosis in every other disease, namely, a full consideration of the 
disease and the patient. It may be no more uniform than that of 
stages, but should not be less so; and should possess the advantage that 
the examiner would not be obliged to fit all of his data into arbitrary 
standards. Like the present classification, it would depend on the ex- 
aminer’s opinion, but it would be freed from time-consuming attempts at 
standardization, which are of doubtful utility. 

The scheme of classification suggested by Brown, Heise and Sampson 
(4), given above, also the one presented by Waters and Amberson (5), 
in which findings of the X-ray are to be added to those of the older classi- 
fications, are a magnification of the anatomic conception. Brown 
and his co-workers state that ‘“many have come to believe that, accept- 
ing a diagnosis of pulmonary tuberculosis, the symptoms reveal what 
is happening at the time of examination and consequently of classifica- 
tion, but to the majority of workers in pulmonary tuberculosis it has 
appeared that a classification based on the extent of the pulmonary disease 
is to be preferred to all others.” In an analysis of 814 of their own 
cases they state that the disease was more extensive than had been 
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shown on physical examination in 48 per cent; therefore, they believe 
that the X-ray should be used in determining the classification of cases, 
Waters likewise believes that the stereogram is necessary to determine the 
extent and character of the lesion in from twenty to thirty per cent. 

I should like to ask the question, is the knowledge gained by this at- 
tempt at mathemetical measurement adding sufficient practical benefit 
to the everyday clinical handling of tuberculosis to make it worth while 
to increase the already lengthy description used in classifications, or is it 
rather a special piece of work establishing the fact that physical findings 
and X-ray examination differ somewhat in the extent of a given lesion, 
the latter usually showing more? Every piece of machinery makes 
errors, and the more it is utilized the greater the danger of inexactness. 

The reason given for offering these new classifications is the same in 
both instances, namely, that the full extent of the lesion is not being 
discovered by present methods. Let us first find out whether knowing 
that there is half a lobe or two-thirds of a lobe involved is necessary to an 
understanding of the disease. Can any one measure the volume of 
lung involved either by physical or X-ray examination with sufficient 
accuracy to make this procedure a necessity in order to give a prognosis? 
And, after all, the ultimate reason for classification is that we may the 
better be able to determine what the result will be in a given patient. 

The divisions marking stages I, IJ and III, or Minimal, Moderately 
Advanced, and Advanced are purely arbitrary. They in no way tell us 
definitely what is occurring. It is far better to have a whole lobe in- 
volved with a nonvirulent fibroid type of the disease then to have an 
area of necrosis as large as a marble or “a cavity limited in diameter 
to the width of the first rib at the level of the clavicle,” because the first 
type of lesion shows that the fighting balance is on the side of the patient. 
Further, a patient who withstands an extensive active lesion will have 
far better chances of getting well than one who withstands a small lesion 
poorly. The real thing that we want to know is not so much how 
much lung is involved, but how is the patient reacting to the disease that 
he has and is he able to overcome it? What are his fighting qualities 
when a lesion of a given extent is present? Is the normal smooth work- 
ing of his body cells interfered with and to what extent? Is he or is he 
not showing resistance? Is he destroying bacilli and inhibiting the multi- 
plication of others and preventing spread of the disease; in other words, 
what is the physiological as well as the anatomic response of the individ- 
ual toward his tuberculosis? So, while we cannot and should not divorce 


3 


CLASSIFICATIONS OF PULMONARY TUBERCULOSIS 631 


our thoughts from the extent of anatomic involvement, and the character 
of the pathological changes which have taken place, yet our chief con- 
cern should be the amount of deviation from the normal physiological 
working of the body cells which has taken place. 

The relatively greater importance of this physiological as compared 
with the usual anatomic conception is illustrated daily in our clinical 
experience. While, all else being equal, the greater the extent of the 
disease, the greater its seriousness, yet the extent of the lesion alone is 
but a minor point in destroying the patient, and furthermore, at best, it 
cannot be even approximately measured. The intensity, or the manner 
in which it destroys the normal working equilibrium of the body cells, is 
the chief factor,—the physiological rather than the anatomical departures 
from the normal. This is more easily measured because it is expressed 
in symptoms. The ability of the physiological forces of the body to 
repair the anatomic destruction is another important factor. 

One patient will suffer from a progressive necrosis which eventually 
destroys a large part of one or both lungs and still be able to regain a 
fair degree of health, because his physiological balance is well preserved 
in spite of the extent and severity of the disease. On the other hand, we 
sometimes see a small lesion which profoundly affects the physiological 
equilibrium of the patient and so depresses his reacting powers that the 
process spreads and becomes a menacing disease. 

We also see now and then what seems to be a slight lesion anatomically 
considered, accompanied by very few recognized symptoms and yet 
healing is accomplished only with great difficulty. Such cases,in my esti- 
mation, are naturally of slight virulence but fail to heal with usual rapid- 
ity because of a lack of physiological balance on the part of the patient. 

In considering the relative value of symptoms, one must take their 
duration or permanency into consideration, and the manner in which 
they affect the recuperative powers of the patient, as well as the factor 
which causes them. 

A temperature of 102° or higher is of very different significance if it is 
persistent or repeated at frequent intervals than if it is only of a few days’ 
duration. It is also of different significance, when present, if the patient 
is exercising from what it is if he is resting. If it is increased in severity 
and maintained by worry it is of less significance than the same degree 
when the patient is happy and optimistic, because by eliminating the 
harmful mental state the patient improves. 
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The pulse rate differs according to the nervous and physical state of 
the patient and according to the conditions under which he is living, as 
well as the activity of the disease. So an increase in rate alone means 
nothing. 

Loss of weight may be caused by a lessened intake in food, due to dis- 
turbance in appetite, or reduced power of digestion, or an increase in 
metabolic rate, In early clinical tuberculosis the loss which occurs is 
usually influenced much less by the disease than by the conditions sur- 
rounding the patient. So loss of weight is only serious when due to con- 
ditions which cannot be corrected. 

The cough, expectoration and number of bacilli are also variable, and 
misleading if considered only at some particular period of the disease. 

If considered only in relation to numbers, when a necrotic area is 
sloughing out the increase in numbers would be interpreted as indicating 
a very serious condition; but a few weeks later, the activity in the process 
may have quieted down and the patient may be cough, expectoration 
and bacillus-free; or, at least, all of these symptoms may be very much 
decreased. 

Much the same may be said of all the symptoms which belong to 
tuberculosis. 

Before we can classify our patient and make a prognosis with anything 
approaching accuracy, we must understand what it is that kills the 
tuberculous patient. At present we are not permitted to know this 
fully. We assume, however, that it is not primarily the disease itself. 
It is not primarily the inability of the lungs to furnish oxygen nor the 
inability of the heart to sustain the circulation. The patient succumbs 
to his disease, apparently, because his physiological processes are so 
‘disturbed that the body cannot be kept in a state compatible with life. 
‘This implies a lessened ability to resist the onward march of the bacilli. 

If we were to analyze all of the symptoms which accompany tuberculo- 
‘sis, we would see that the toxic symptoms are the ones which affect the 
physiological working of the patient most. The effect of cough, however, 
must not be minimized, for when it is severe it increases the demands 
upon the patient’s energy enormously. This has been estimated at from 
five to ten per cent. In severe cases, it must be much more than this. 
Reflex disturbances in the gastrointestinal tract also become serious 
‘at times, and threaten the patient through failureofnutrition. The effect 
of these symptoms, when they become severe, can readily be understood, 
for often the difference between an arrestment and a failure at arrest- 
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ment narrows to a very small margin. But the overshadowing impor- 
tance of the toxic symptoms must be evident to all observers. This may 
be readily seen from the following grouping of some of the more common 
symptoms which are present during the disease: 


ETIOLOGICAL CLASSIFICATION OF CoMMON SYMPTOMS OF PULMONARY TUBERCULOSIS 


Group I. Symptoms due to toxemia 


CAUSED BY HARMFUL STIMULATION OF SYMPTOMS 


. Malaise 

. Lack of endurance 

. Loss of strength 

. Nerve instability 

. Diminished digestive activity 
. Increased metabolic rate 
Loss of weight 

. Increased pulse rate 

. Night sweats 

. Fever (partially) 


I. Nervous system in general 
II. Endocrine system in general 


III. Sympathetic nervous system 
IV. Sympathicotropic endocrines, particu- 
larly adrenals and thyroid 


WHE 


Group II. Symptoms due to reflex cause 


Hoarseness Circulatory disturbances 
Tickling in larynx Chest and shoulder pains 
Cough Spasm of muscles of shoulder girdle and 
Digestive disturbances (hypermotility and diaphragm 
hypersecretion) Flushing of face 
Loss of weight 


Group III. Symptoms and syndromes due to the process per se 


Spitting of blood 

Sputum 

Frequent and protracted colds (tuberculous bronchitis) 
Pleurisy (tuberculosis of the pleura) 


With this grouping one readily discerns that, while the symptoms 
which are classed in groups II and IIT, as being of reflex origin and due 
to the tuberculous process per se, may cause annoyance, they are not the 
symptoms which generally effect the serious changes in the body. It is 
to the toxic group that we regularly assign the real danger to life. Asa 
result of the action of toxins we have a more or less general harmful 
stimulation of the nerve cells which results in a general nerve instability. 
We further have a disturbance in the endocrine system resulting in a 
disturbance in the normal chemical control of the body. There results 
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an increased acid condition of the tissues (6), with a diminution of the 
free water of the body (7) (8), which interferes with the normal chemical 
activity that should take place and without which the body cannot be 
kept in a state of health. This should be mentioned, but whether this 
is a result of action through the nerves or internal secretions or a direct 
action upon the body colloids is not plain. These are some of the evident 
causes of a failure of resistance which permit the disease to spread. 
There are further factors which we are only able to suggest but which we 
cannot define, such as the normal underlying endocrine, nervous and 
psychic balance of the patient, which determines his growth, form, 
physiological and psychic equilibrium, and the manner in which he 
reacts to given definite disease processes. 

The real prognosis in tuberculosis then is in this sense individual. It 
does not depend alone upon the extent of the disease or even upon the 
intensity of the disease, but upon the manner in which the individual 
patient is able to preserve his physiological equilibrium in spite of its 
extent and severity. 

Two patients may be suffering from a tuberculosis of similar extent and 
as far as we are able to judge of similar intensity. Both may have a 
similar degree of pyrexia. One may sleep well, preserve his appetite, 
put on weight and feel well, while the other suffers from loss of appetite, 
poor digestion, loss of weight, and feels badly. What is the difference? 
It is not so much in the disease, as in the manner in which the two patients 
react toward the disease. It is not the anatomic extent of the disease or 
the anatomic character of the disease process that makes the difference 
but the difference is in the physiological equilibrium of the two patients; 
and it must be remembered that the physiological equilibrium depends 
not alone upon physical stimuli but upon psychic influences as well. 

Without the action of the toxins in tuberculosis, there would still be 
many annoying symptoms, but I doubt there being many serious ones. 
So, in studying a given case of tuberculosis in order to determine the 
prognosis, I would suggest that the symptoms which are of greatest im- 
portance are those belonging to the toxic group. In one case one symp- 
tom may be most prominent; in another, varying with the physiological 
balance which is normal to the individual as well as the one maintained 
during the illness, other symptoms may be more common; but any 
patient who shows for any great length of time an unfavorable reaction 
to the toxins must be classed as relatively unfavorable. 
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The symptoms in the end are the key to prognosis. It may be too 
bold to suggest that the classification of tuberculosis into stages be abol- 
ished; yet I am convinced that we have progressed sufficiently far now 
to divorce ourselves from the domination of the anatomic concept. 
The anatomic concept has a tendency to force a mechanical attitude 
toward the disease and to do away with the personal element, which is 
the greatest factor in disease. The physiological concept, on the other 
hand, is based on the personal element; hence, it encourages the study 
of each patient as a reacting organism. An intelligent understanding 
of tuberculosis, however, can be obtained only by combining the two. 
If we are to continue classifications, let them be based more generally 
upon a physiological conception of the disease, in which its chronic nature 


is fully recognized. 
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THE LIPIN CONTENT OF ACID-FAST BACILLI 


ESMOND R. LONG anp LEO K. CAMPBELL 


From the Department of Pathology of the University of Chicago and the Otho S. A. Sprague 
Memorial Institute} 


The experiments recorded below had for their object a comparison, 
quantitative and qualitative, of the lipin content of acid-fast bacilli, in 
relation to the two factors of virulence and glycerophilism. 

Since the analyses by Hammerschlag (1) in 1888 it has been well 
known that tubercle bacilli were, as compared with other bacteria, ex- 
ceptionally rich in substances soluble in the usual fat solvents, such as 
chloroform, ether, petroleum ether, benzene, toluene and xylene. The 
percentage of material extractable has varied with different observers 
and methods and variety of tubercle bacillus used, and has ranged between 
20 per cent and 40 per cent of the dry weight. 

It was but a short step to correlate this unique high lipin content with 
the equally unique staining property of the bacillus, acid-fastness. In 
fact, even before Hammerschlag’s quantitative research on the lipins 
present, the impression was prevalent that acid-fastness was to be as- 
sociated with the fatty or waxy nature of the microdérganism. Indeed, 
Bienstock (2) and Gottstein (3) went so far as to claim on the basis of 
experiment that non-acid-fast bacteria, such as B. pyocyaneus and B. 
typhosus, could be made acid-fast by growth on fat or wax-rich media 
or even by trituration in a fatty substrate. While, since their time, acid- 
fastness has been attributed by different investigators to various con- 
stituents of the bacillus, the majority have definitely correlated it with 
the fatty content, the greater number of them in turn ascribing the 
siaining property to a fairly specific acid-fastness of tubercle bacillus wax, 
demonstrable in the isolated substance. 

An implication naturally carried with this theory is that the other acid- 
fast bacteria will owe their resistance to acid-decolorization to the same 
property, and indeed it has been generally assumed that such bacteria as 
the smegma bacillus, the grass bacilli, and the so called tubercle bacilli 
of cold blooded animals, are, like the tubercle bacilli, rich in fatty sub- 
stance. There are however few actual analyses on record to bear this 
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supposition out. Gurd and Denis (4), working on the acid-fast bacillus 
isolated from leprosy nodules by Duval, found 36.4 per cent of the dry 
weight of the bacillus to be extractable with chloroform. Recently 
Pfannenstiel (5) (who gives a comprehensive bibliography) has published 
analyses comparing the lipin content of tubercle bacilli of human 
and avian types, frog bacilli, turtle bacilli, timothy grass bacilli, 
and butter bacilli, which he maintained had been raised in virulence 
by guinea pig passage. The total lipin removed in Pfannenstiel’s 
extractions was low, the highest recorded value being 16.47 per cent of 
the dry weight in the case of a butter bacillus. The lowness of their 
figure is to be attributed to the method used, extraction of the dried 
material, which had been grown on glycerol broth, with a mixture of 
ether and acetone. As is well known, some of the waxy material of the 
tubercle bacillus is difficultly soluble in ether; and the phosphatids, 
which, as Tamura (6) has shown, make up a considerable proportion of 
tubercle bacillus lipin and some of the wax, are insoluble in acetone. 
However, Pfannenstiel stresses the point that the figure obtained varies 
with the method, and, as in his experiments the same method was used 
throughout, the results are of value for comparison of the different bac- 
teria examined. 

His results indicated a wide variability in lipin content throughout the 
group, a value as low as 2.85 per cent of the dry weight being found for a 
tubercle bacillus of the human type. It was thought that the lipins were 
distributed in the cell protoplasm in varying fashion and that accordingly 
ease of extraction varied. The figures do not indicate any constant quan- 
titative difference in the lipin content of virulent and avirulent strains. 
Qualitative examination of the extracted material was not made. 

A very significant finding has recently been reported by Frouin (7). 
This investigator compared the lipin content of tubercle bacilli grown 
upon glycerol-asparagine broth and on the same medium in which the 
glycerol was replaced by 15 per cent dextrose plus mannitol. On the 
sugar media the bacilli grew with much less luxuriance. They were also 
60 to 70 per cent lower in lipin content. Bovine bacilli contained from 
23 to 45 per cent lipin when grown on the glycerol medium, and only 8.5 
to 13 per cent on the sugar medium. Similar results were obtained for 
human and avian type bacilli. Unfortunately Frouin did not report 
qualitative examination of the lipin removed. 

It has long been known that a considerable proportion of the lipin of 
the tubercle bacillus was not true fat, but a wax, that is to say, an ester 
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of a fatty acid and an alcohol of high molecular weight. The nature of 
this compound has been fairly well worked out by Kresling (8), Bulloch 
and McLeod (9), Tamura (6), and Goris (10). From Kresling’s figures 
it may be calculated that 39 per cent of the total lipin is in the form of a 
nonsaponifiable alcohol. ‘The saponification number has been variously 
reported around 120 to 140. As Goris points out, fats ordinarily have a 
saponification number of 175 to 250, while waxes have a much lower one, 
but not below 79 (Carnauba wax). The tubercle bacillus lipin, being a 
mixture of the two, would be expected to give a figure in between. 

With considerable uniformity those who have isolated the wax have 
reported it to be acid-fast and have been inclined to attribute acid-fast- 
ness of bacilli to its presence. It is strange that analyses have not been 
made heretofore to determine if the same or a similar wax makes up a 
large proportion of the dry weight of the other acid-fast bacilli. The 
analyses reported in this paper deal with this problem. The method 
used was as follows: 

Bacilli were grown upon glycerol broth containing 1 per cent peptone 
and 5 per cent glycerol, or in the case of certain bacilli which do not 
float well, namely, avian, leprosy, frog and turtle bacilli, upon the same 
medium made solid by the addition of 2 per cent agar. The bacilli se- 
cured were sedimented and washed in water, treated with 95 per cent 
alcohol, boiled twice in absolute alcohol, and finally leached thoroughly 
with medium-boiling petroleum ether. The alcoholic extracts were also 
evaporated to dryness and extracted with petroleum ether. The petro- 
leum ether extracts were added and evaporated to dryness and the dry 
extract was weighed. The weight of this extract was calculated in 
percentage of the total dry weight, which was calculated as follows: 
weight of dry bacilli left after petroleum ether extraction, plus weight of 
alcohol-soluble residue left after petroleum ether extraction, plus weight 
of lipin soluble in petroleum ether. The final figure in effect represerits 
the proportion of the alcohol-dehydrated bacillus which is soluble in 
petroleum ether. The saponification number was obtained by heating a 
known weight of the extracted lipin to gentle ebullition in a known 
amount of 25 per cent alcoholic potash for five hours, and titrating back 
the unused alkali in the usual way. The titrated material was again 
made strongly alkaline and evaporated to dryness. The residue was 
extracted with petroleum ether, and this extract was evaporated to dry- 
ness. The residue from this was extracted with chloroform and after 
evaporation of the chloroform, the wax, thus thoroughly separated from 
the soaps, was weighed. 
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Table 1 gives the results of analysis. With two exceptions they 
indicate a very high lipin content for acid-fast as compared with non- 
acid-fast bacilli. A staphylococcus and a hay bacillus analyzed by the 
same method showed only 2.8 per cent and 4.5 per cent of the dry weight 
aslipin. In the case of two exceptions, the avian bacillus and the leprosy 
bacillus, it was noted that a large amount of lipoid material, perhaps 20 
per cent of the dry weight, which was soluble in warm alcohol, but insolu- 
ble in petroleum ether, was present, This substance requires further 
investigation. The other bacilli ranged from 20 to nearly 40 per cent 
lipin. 

TABLE 1 
Lipin content of acid-fast bacills 


PER CENT OF 
SAPONIFICATION | TOTAL LIPINS AS 
NUMBER NONSAPONIFI- 


TOTAL LIPIN IN 
PER CENT 
OF DRY WEIGHT 


131 
139 
194 
188 
191 
195 
128 
125 
147 
109 


H 37, human type tubercle bacillus 
B 1, bovine type tubercle bacillus 
A 1, avian type tubercle bacillus 
Leprosy bacillus, Duval 

Turtle bacillus 

Frog bacillus 

Smegma bacillus 

Dung bacillus 

Grass bacillus 


W Ww bo 
NWR WY 


Ssar 


microdrganisms 


4.4 
2.8 


A more significant finding however is that of the high wax content of 
the virulent forms. At one end of the scale we have microdrganisms 
of scarcely questioned saprophytism, the smegma and grass bacilli, 
ranging in wax content (nonsaponifiable lipin) from 4.5 per cent to 9.4 
per cent. At the other end are the tubercle bacilli of human and bovine 
type with wax values of 77 per cent and 60 per cent of the total lipin. 
In between are microédrganisms of debated pathogenicity, avian, leprosy, 
frog and turtle bacilli, with values for wax of 27.2 per cent to 35.7 per 
cent. The saponification numbers agree with the wax findings except 
in the case of the smegma and grass bacilli, in which they are unexplaina- 
bly low. Further research is necessary on this point. It is to be believed 


77.1 
27:2 
33.7 
Lipin content of other 
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that the low wax content of these bacilli means a correspondingly high 
content of neutral fat, but the saponification number does not bear this 
supposition out. An excellent agreement with theory as respects saponi- 
fication number and wax content is obtained in the case of the tubercle 
bacilli and the avian, leprosy, frog and turtle bacilli. We have every 
reason for believing that the greater proportion of the extracted lipin 
in the case of the four last-named types was true fat. 

We would not lay too much stress upon our findings with respect to 
virulence, however. The virulence of most of the particular strains used 
has not been tested recently in our laboratory. It is known that H 37 
and B 1 are highly virulent, but no attempt has been made to study viru- 
lence in the others, in any animals. However, the nutritional require- 
ments of this group have been investigated by one of us (11) and are well 
understood. As is generally known, glycerol is an important element in 
the nutrition of the tubercle bacillus. The bacteria used in this investi- 
gation decrease in their glycerophilism approximately in the order in 
which they are listed in table 1. It is our belief, on the basis of our 
results and Frouin’s, that the glycerol requirement and the wax content 
are to be directly correlated, glycerol being a wax, but not necessarily a 
fat-progenitor. 


SUMMARY 


The bacilli of the acid-fast group are rich in lipin as compared with 
non-acid-fast bacilli. In the majority of cases 20 to 35 per cent of the 
dry weight can be readily extracted with petroleum ether after dehydra- 
tion of the bacilli with hot alcohol. Tubercle bacilli of human, bovine 
and avian types, leprosy, frog, turtle, smegma, dung and grass bacilli, 
and B. subtilis and a strain of Staphylococcus albus, were examined in this 
investigation. 

Qualitatively, there is a great difference in the lipin extracts. The 
bacilli studied fall into three groups as respects the proportion of the total 
lipin which is present as wax (nonsaponifiable lipin). This wax, as has 
been repeatedly shown, consists of a difficultly hydrolyzable combination 
of fatty acid with an alcohol of high molecular weight. The lipin of 
human and bovine type tubercle bacilli is 60 to 77 per cent wax. That 
of avian type tubercle bacilli, the so called leprosy bacilli, and the so called 
tubercle bacilli of frogs and turtles, ranges between 27 and 36 per cent 
wax, the higher value found being for the avian tubercle bacillus. The 
wax content of smegma, dung and grass bacilli of various types ranges 
from 4 to 10 per cent of the total lipin. 
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A closely similar grouping of the same series of microdrganisms has 
been made before on the basis of nutrition. A similar grouping as re- 
spects virulence is of course obvious, but we do not care to stress this 
without further investigation of the disease-producing power of the so 
called tubercle bacilli of cold blooded animals. Sufficient data have, 
however, been secured to show that the microdrganisms listed build 
wax somewhat in proportion to their glycerophilism, and therefore gly- 
cerol may be looked upon as a wax progenitor. 
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LIPIN-PROTEIN IN RELATION TO THE ACID-FASTNESS 
OF BACTERIA 


ESMOND R. LONG 


From the Department of Pathology of the University of Chicago and the Otho S. A. Sprague 
Memorial Institute 


The term lipin-protein is used in this paper to indicate an intimate 
union of fatty substances and protein, without commission to the idea 
that the union is necessarily a chemical one. The term is meant to cover 
those protein-lipin combinations or mixtures from which the lipin may be 
extracted only with difficulty. It is well known that such combinations 
are present in most living cells and modify their permeability. The union 
may be a true chemical one, analogous to that occurring in nucleo- 
proteins or glycoproteins, or may be merely a fine emulsion of the lipin in 
a protein substrate, the individual droplets being enclosed each within a 
protein film. 

It has seemed reasonable to the author to suppose that such combina- 
tions exist in the tubercle bacillus, as in other cells, and furthermore 
that they may play a réle in its resistance to acid-decolorization after 
staining. It has seemed also that development of this theory may serve 
to harmonize some of the conflicting ideas regarding the cause of acid- 
fastness of tubercle bacilli and other bacteria of the acid-fast group. 
Without such a hope one would hesitate to add to the already vast and 
cumbersome literature on this subject. 

Of the several chief explanations of acid-fastness there are two in much 
better standing than the rest. These are the one developed originally 
by Ehrlich, which has as its basis the relative impermeability of the 
tubercle bacillus to stains, and a second, representing the combined 
labors of many men, in which the acid-fastness of the whole bacillus is 
credited to the specific acid-fastness of a constituent, the peculiar lipin 
in which the microdrganism is rich. Ehrlich (1), impressed by the diffi- 
culty of staining the bacillus, which presumably delayed its discovery, 
and by Koch’s use of an alkali to effect staining penetration, and finding 
furthermore that the bacillus once stained could not be decolorized by 


1 Aided by a grant from the National Tuberculosis Association. 
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the use of 33 per cent nitric acid or alcohol, as other bacteria could be, 
advanced the theory that the tubercle bacillus was provided with an 
envelope of low degree of permeability. No explanation was given as 
to the nature of this envelope. 

With the finding later of an exceptionally high fat or wax content 
of the bacillus, the idea of a capsule, waxy in its nature, met with rather 
general acceptance, and ingenious reconstructions of the tubercle bacillus 
have been made on its basis and on experiméntal data secured (cf. 
Bergel (2)). However, a large number of investigators have definitely 
attributed acid-fastness to the lipin itself. Koch (3) recorded that he 
had learned with Proskauer that there were substances present in the 
tubercle bacillus, related to the fats, which were both acid and alcohol- 
fast and were to be considered as carriers of the peculiar staining property. 
Klebs (4) had isolated 22 per cent of the dry weight of the bacillus in 
the form of an acid-fast waxy substance, which he believed accounted 
for the stain-retaining power of the organism. Aronson (5), Bulloch 
and McLeod (6), Camus and Pagniez (7), Tamura (8) and Goris and 
Liot (9) made notable contributions on this subject. As a result of this 
combined work and that of Kresling (10), Dorset (11), Fontes (12), 
Panzer (13), Kozniewski (14), Biirger (15) and others, the belief has be- 
come prevalent that the acid-fastness of the bacillus is determined by its 
content of an acid-fast ester or esters of a solid alcohol of high molecular 
weight. 

There are two obstacles in the way of complete acceptance of the theory 
that acid-fastness of the bacterium is due to acid-fastness of this single 
substance. ‘These are: 

1. Bacilli which have been dried and treated with fat solvents, until 
20 to 35 per cent of their dry weight has been removed, remain acid- 
fast. This is the usual observation (Hammerschlag (16), Ruppel (17), 
Auclair and Paris (18), Pfannenstiel (19)), although a few men have 
reported the reverse. 

2. Bacilli from which no fat or lipin has been removed can be rendered 
non-acid-fast by mechanical disintegration. The powder resulting on 
grinding them in a mortar, or merely between glass slides, is not acid- 
fast (Koch (3), Benians (20), Sherman (21)). 

It is difficult to see how in the case of the second of these arguments 
anything which could be defined as a chemical change can have taken 
place. Certainly no lipin was removed. Furthermore, chemical means 
of destroying acid-fastness, which do not involve the use of fat solvents, 
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have been found. Bontemps (22) used organic acids, Salimbeni (23) 
trichlorhydrin, and Grimme (24) weak hydrochloric acid. A significant 
finding of Aronson (5) and Bulloch and McLeod (6) was that only by 
addition of hydrochloric acid to their lipin solvents was it possible to 
render the bacillus non-acid-fast. Paradoxically, these investigators 
used almost the same extractive for removing acid-fastness (methyl 
alcohol with 1 per cent hydrochloric acid) as is commonly used to demon- 
strate it. The explanation lies in time and temperature elements. The 
action of the acid was prolonged and the temperature was that of boiling 
alcohol. The réle played by the acid was not definitely assigned. The 
suggestion is, however, carried that it aided in the extraction of the lipin, 
which these investigators, like others, found to be acid fast. 


I have in a sense separated the procedures of Aronson and of Bulloch 
and McLeod in the following way: Acid-fast bacilli were dehydrated 
with cold alcohol, treated with hot absolute alcohol and then leached 
with petroleum ether until no more fatty substance was extractable. 
The dry residue was then treated with normal hydrochloric acid (3.6 
per cent) for 48 hours at 37°C., washed in water, dehydrated with alcohol 


and again leached with petroleum ether. Examinations for acid-fast- 
ness were made before and after the acid treatment. Eight types of 
acid-fast bacilli and one of non-acid-fast bacillus were examined. The 
results are summarized in table 1. 

They indicate that treatment with acid affects previously thoroughly 
extracted bacilli in such a manner that renewed extraction with petroleum 
ether removes more lipin. This is as noticeable in the case of B. subislis 
as in that of the acid-fast bacilli. A finding of significance is that before 
the acid treatment the bacillary form is preserved, while in the course of 
the acid treatment it is lost. The conclusion seems warranted that in- 
tactness of the bacillary form is in some way associated with the manner 
of deposition of the lipin within the cell protoplasm, and that the acid 
profoundly modifies that manner of distribution. This may be either 
by actual hydrolysis of a chemical lipin-protein combination, a very 
common type of acid effect, or by hydration of the protein substrate in 
which the lipin is emulsified, with an accompanying decrease in the dis- 
persion of the lipin, the type of reaction which has been emphasized by 
M. H. Fischer (25) in his researches on fatty degeneration. It is believed 
that according to either hypothesis lipin would be rendered more readily 
extractable. 
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A qualitative examination of the lipin extracted after the acid treat- 
ment has been made limited because only a small amount of material 
was available. It appears to be the same in the case of all the bacilli 
examined, including the non-acid-fast B. subtilis. It is a colorless, hard, 
brittle, glassy substance, looking almost like a thickening of the bottom 
of the container when solidified in a glass beaker. It is soluble in ether, 
chloroform, petroleum ether and benzene, slightly soluble in hot alcohol, 


TABLE 1 


BACILLUS 


FORE ACID TREATMENT, IN PERCENTAGE 
THOROUGH GRINDING BETWEEN GLASS 
ETHER AFTER ACID TREATMENT, IN PER- 
CENTAGE OF DRY WEIGHT OF BACILLUS 


OF DRY WEIGHT OF BACILLUS 
IN PERCENTAGE OF TOTAL LIPIN 


FORE ACID TREATMENT 


FATTED BACILLI 


LIPIN REMOVED BY PETROLEUM ETHER BE- 
ACID TREATMENT 


ACID-FASTNESS OF DEFATTED MATERIAL BE- 
PRESERVATION OF BACILLARY FORM OF DE- 
ACID FASTNESS OF DEFATTED BACILLI AFTER 
ADDITIONAL LIPIN REMOVED BY PETROLEUM 
LIPIN REMOVABLE AFTER ACID TREAMENT 
ACID-FASTNESS AFTER ACID TREATMENT 

PRESERVATION OF BACILLARY FORM AFTER 


H 37, human type tubercle 


B 1, bovine type tubercle 
bacillus 


Leprosy bacillus, Duval 
Turtle bacillus 

Frog bacillus 

Smegma bacillus 

Grass bacillus 

B. subtilis 


ott++++ + + 
+t+++++ 4+ + 


Spores 
left 
intact 


insoluble in cold alcohol, and insoluble in acetone. It melts, but not 
sharply, between 42° and 48°C. It is acid-fast. Further chemical 
examination has not yet been made. The melting point, solubility 
reactions and physical characteristics, however, suggest that it isthesame 
substance as that which is known to make up a large proportion of the 
readily extractable wax of the tubercle bacillus, which has been considered 
mykol laurate by Goris. According to this conception the readily 
extractable wax is simply in the nature of a stored wax in addition to, 


0 7.8 | 25.6 0 0 
A 1, avian type tubercle 
rr eS 0 4.1 | 29.7 0 0 
0 4.8 | 11.6 0 0 
FS 0 4.1} 10.0 0 0 
0 Gul 0 0 
0 5.1 0 
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and less essential to, the vitality of the cell than the firmly bound portion. 
There is reason for believing that some of it is definitely extracellular, 
forming part of the matrix in which tubercle bacilli lie. As pointed out 
by Long and Campbell (26), wax makes up a much larger proportion of 
the total lipin in tubercle bacilli than in saprophytic acid-fast bacilli. 
The matrix in which true tubercle bacilli lie is, in my experience, denser 
than that surrounding the saprophytes. This matrix, somewhat acid- 
fast before petroleum ether treatment, loses its resistance to decolori- 
zation after petroleum ether extraction. It probably contains acid-fast 
wax. 


DISCUSSION 


It is thought that in the demonstration, recorded above, of association 
between integrity of bacillary cell and its content of lipin-protein some 
harmony is achieved in the theory of acid-fastness. The conception 
seems warranted that acid-fastness is the result of two factors, first, 
the presence of an acid-fast wax, and, second, and more important, a 
manner of disposition of a portion of that wax in the cell protoplasm, 
such that the action of destaining agents, once the organism is stained, 
is impeded. ‘The second factor is considered probably the more impor- 
tant, since it has been repeatedly and conclusively demonstrated that mere 
mechanical disintegration of the cell, as well as the disruptive action of 
certain nonlipolytic chemical reagents, entirely destroys acid-fastness. 
It must be conceived that the manner of disposition of the wax in the 
cell wall varies with different bacteria, for it has been shown that at least 
one bacterium which is not acid-fast, B. subtilis, contains similar lipin- 
protein or firmly bound lipin. 

A question which obviously arises is this: If the wax itself is acid- 
fast, how is it that mechanical disintegration of the cell, which removes 
no wax, removes acid fastness? This is to be explained on the basis of- 
extremely fine emulsification and the fat, shown by Tamura, that the 
staining of tubercle bacillus wax by carbol-fuchsin is due to physical, 
not chemical, union. It is well known that fat highly emulsified in 
protein will not take fat-soluble stains. The conception of fine emulsi- 
fication has been used by M. H. Fischer to explain the masked condition 
of the normal cell lipin. Fischer and the author have found, furthermore, 
in the former’s laboratory, that the color of a mixture of fuchsin-stained 
wax in soap or protein solution can be almost discharged by increasing 
the degree of dispersion of the stained wax in the colloidal substrate. 
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A point of practical importance, which comes out of the theory of 
acid-fastness here developed, is this: Although a notion commonly 
held in the therapeutics of tuberculosis, namely, that loss of acid-fastness 
of the infective agent means the successful action of a destructive agent 
which has penetrated the waxy barrier, may be correct, there is a lack of 
precision in the idea that such penetration and disruption of the cell 
body means lipolysis. It is more reasonable to suppose that what has 
been accomplished is not a splitting or solution of the wax itself, but a 
separation of it from its protein combination. Lipases and esterases 
are not concerned in this action, and, if it is accomplished, the action of 
lipases and esterases may well be dispensed with. In fact, it is somewhat 
straining to the credulity of one who has boiled tubercle bacillus wax 
five hours with 25 per cent potassium hydroxide without splitting it, 
to imagine weak enzymes in aqueous solution attacking it so vigorously 
and successfully, even granting that the hydrolysis of certain compounds 
such as proteins, requiring concentrated chemicals im vitro, takes place 
easily in the body. 

It is interesting to note that Schlossberger (27) has recently suggested 
that a situation such as that described in this article may exist in the 
tubercle bacillus. This author, who argues that the greater susceptibility 
of the virulent acid-fast bacilli to aniline dye disinfectants does not agree 
with the hypothesis that the virulent forms are provided with a stronger 
wax capsule, adds, “On the other hand it is in no way excluded that 
perhaps the fat distributed in the inner parts of the protoplasm and there- 
fore not extractable, or extractable with difficulty, partakes in some way 
in the characteristic staining property.” 


SUMMARY OF EXPERIMENTAL RESULTS 


Bacilli of the acid-fast group which have been defatted as thoroughly 
as possible with alcohol and petroleum ether, and from which 20 to 35 
per cent of the dry weight has been removed in material soluble in petro- 
leum ether, remain morphologically intact and acid-fast. 

Such bacilli still contain from 1 per cent to 8 per cent of the dry weight 
in the form of lipin firmly bound to protein in a union, chemical or 
physical, of such sort that extraction with fat solvents is impossible. 
The great variance in the amount present, calculated in percentage of 
the total dry weight, suggests that the union is not a chemical one. This 
lipin may be released and rendered extractable in petroleum ether by 48 
hours’ treatment of the once defatted bacilli with normal hydrochloric 
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acid. Simultaneously, the integrity of the bacterial cell and its acid- 
fastness disappear. The lipin removable after the acid treatment ap- 
pears to be the same in the case of all microérganisms examined, namely, 
tubercle bacilli of the human, bovine, and avian types, leprosy bacilli 
and frog, turtle, grass and smegma bacilli, and B. subtilis. It has the 
same characteristics as the wax more easily isolated fom the tubercle 
bacillus and is probably a mixture containing the mykol of Tamura and 
mykol laurate. B. subtilis, which is non-acid-fast, and which has a 
low total lipin content, contains the same firmly bound lipin in the same 
amount as is found on the average in acid-fast bacilli, about 5 per cent 
of the dry weight. However, while this firmly bound lipin usually makes 
up considerably less than 30 per cent of the total lipin in acid-fast bacilli, 
it makes up over 50 per cent in the case of B. subtilis. 

Association of cell integrity, content of lipin-protein, and acid-fastness 
is demonstrated. It is thought that the disposition of the lipin-protein 
plays a réle in acid fastness. The finding of similar lipin-protein in 
B. subtilis, which is non-acid-fast, requires the conception of a different 
manner of disposition in the two types of microérganism. 
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STUDIES ON THE BIOCHEMISTRY AND CHEMOTHERAPY 
OF TUBERCULOSIS 
XXIII. THE CHEMICAL COMPOSITION OF SO CALLED 
TUBERCULOUS LESIONS 
MARY E. MAVER anp H. GIDEON WELLS 
From the Otho S. A. Sprague Memorial Institute and the Department of Pathology, University 
of Chicago 

In reviewing the literature on the use of calcium and silica in the 
treatment of tuberculosis, we have been impressed with the small 
number of thorough analyses that have been made of calcified tuber- 
culous lesions and the large amount of speculation that has been based 
upon the few analyses that exist. Many writers seem to look upon the 
calcification of tuberculous lesions as the process by which healing is 
accomplished, and deduce from this the conclusion that if calcium salts 
are given to the patient by mouth these will be deposited in the tuber- 
culous lesions and terminate the process. This assumption disregards 
the abundant evidence that in human tuberculosis calcification takes 
place solely because the lesion has existed for a considerable time, as 
an inert, avascular mass, and therefore is already quiescent or healed, 
rather than that the healing results from the calcification. The entire 
subject of calcium metabolism in tuberculosis and its relation to calcium 
therapy of this disease will be discussed by us elsewhere. Here we wish 
to discuss merely the composition of calcific deposits found in healed or 
quiescent tuberculous lesions. 

From such analyses as have been published it would seem that the 
chemical composition of the calcific deposits in tuberculosis differs not 
at all from those occurring in other pathological conditions. Two analy- 
ses of pulmonary concretions are quoted by Ott (1) which, translated 
into percentage figures, are as follows: 


Ca phosphate 
Ca carbonate 


Lipoids and fats 
Sodium salts 
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These analyses were made in 1837 and 1858, and their accuracy is 
questionable. Even more recently, most of the analyses that have 
been made of calcium deposits have been carried out by the ashing proc- 
ess, which is far from accurate, since in the presence of phosphates and 
carbonates formed from the tissue during the ashing the calcium salts 
may be converted into one or the other according to the proportions and 
the temperature, as Wells (2) found by direct experiment. 

Using a wet extraction process which eliminates this source of error he 
obtained the following figures, which are shown in comparison with 
some obtained with normal bone by other observers, who, however, 
used the ashing process: 


Mgs(PO)2 CaCOs 


Pathological calcification 


Bovine tuberculosis 

Bovine tuberculosis 

Bovine tuberculosis 

Bovine tuberculosis (softened lymph node) 
Human tuberculosis 

Calcified nodule in thyroid 

Thrombus, human 


Human bone (Zalesky) 
Human bone (Carnot) 
Human bone (Carnot) 
Ox bone (Zalesky) 
Ox bone (Carnot) 


It will be noted that there is no significant difference in the composi- 
tion of calcific deposits in human and in bovine tuberculosis, in spite 
of the fact that in bovine tuberculosis the calcification occurs in the 
form of minute granules scattered throughout the lesions even in an 
active stage, while in human tuberculosis the calcium is deposited in 
large masses in nearly or quite inactive tubercles.? 

As indicated by these figures, the composition of the inorganic salts 
in calcified areas in the body seems to be practically the same, if not 
identical, whether the salts are laid down under normal conditions (ossi- 


1 Although many forms of calcified tissues, normal and pathological, contain micro- 
chemically demonstrable iron, Gierke (Virchow’s Arch., 1902, clxvii, 318) found none in 
calcified tubercles in the lungs and peribronchial lymph nodes. 
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fication) or under pathological conditions; and whether in tuberculosis 
or some other lesion that produces avascular necrotic masses in which 
lime salts accumulate. This, however, is to be expected, since in each 
case the calcium salts must come from the blood, where they are held 
in true solution or in colloid suspension by the proteins, either as the 
carbonate and phosphate themselves, or as calcium-ion-protein com-. 
pounds, or perhaps both. This suspension or solution is an unstable 
condition, possible only because of the extremely small proportion of 
calcium in the plasma (about 1:10,000), and, therefore, capable of being 
overthrown by increased alkalinity of the blood, changes in the proteins 
or CO, content, or changes in the quantity or composition of the calcium 
salts. It is probable, from the work of Barille, that the calcium of the 
blood exists as a soluble complex double salt, tribasic calcium-carbon- 
phosphate (P,0sCazH2:2CO2, (CO;H)2Ca), this compound being possible 
because of an excess of CO,. Loew (3), however, believes that the 
calcium is carried in the blood as bicarbonate. He found that a mixture 
of NaHCO;, NasHPO, and CaSQ,, dissolved by saturation with COs,, 
deposited pure CaCO; without any phosphate when the CO, was driven 
off by a current of air, but, if heated, a mixture of CaCO; and Ca3(PO,)s 
resulted. 

Even were the deposits originally different in composition from the 
bones, this would naturally tend to become the same, since the blood 
continually passing between the bones and the calcified areas would 
bring about an equilibrium in the course of time, as pointed out elsewhere 
(4). Calcified tubercles, in common with other calcified lesions, may 
eventually become transformed into true bone, not only with bone 
corpuscles and Haversian systems, but also with typical functioning mar- 
row. This morphological change, however, does not involve any ap- 
preciable change in composition, for the reasons given above. Because 
of the extreme avascularity of calcified tubercles, however, this trans- 
formation into bone occurs less frequently than in the case with calcific 
deposits that are not so completely shut off from the blood vessels. 

Zickgraf (5) is authority for the statement that ‘“‘lung stones,” which 
usually are the calcified centres of tubercles set free by suppuration 
about them, contain much silica. He gives the following figures for 
the composition of four such stones: 
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WEIGHT IN MGM. PERCENTAGE OF SiO2 PERCENTAGE OF CaO 


110 12.45 10.54 
II 100 5.70 10.4 
Iit 225 5.02 5.98 
490 4.71 41 .08 


Gerhartz and Strigel (6), however, found reports of three analyses in 
the literature, in one of which no silica was found, in another a trace, 
in the third but 1 per cent, and their own analysis of another specimen 
revealed no silica. 

Scherer (7) states that in a hospital population of 16,000 cases, chiefly 
pulmonary, there occurred 21 cases in which it could be definitely es- 
tablished that at some time ‘‘lung stones” had been coughed out and 
he describes several of his cases in detail. He reports analyses of three 
such specimens which he admits, are not any too accurate, with the fol- 
lowing results: 


STONE I STONE II STONE TI 


Percent- Percent- Percent- 


, age of age of age of 
Totals | | Totals | inor- | Totals | inor- 


ganic ganic ganic 


mgm. 


Gelcium carbonates.) 104 | 57.3 | 220 | 31.4] 80 | 20.5 
112 | 31.5| 470 | 67.1 | 295 | 75.1 
17 4.9 | Traces 6 1.6 


He comments on the low content of silicic acid in comparison with 
the figures published by Zickgraf. Most of the expectorated stones 
are very irregular in form and dissolve readily in strong acid. They 
probably generally come from calcified lymph nodes, although they 
may come from calcified nodules set free in the formation of cavities 
in the lung tissue. He has examined several specimens of decalcified 
Jung stones with various agents but has never been able to find either 
tubercle bacilli or any definite structure. 

Kahle (8) reports finding 1.6 gm. SiO, per kilo of dry weight in a cal- 
cified tuberculous hilum node of a child, but gives no figures for the 
other inorganic elements. He says that Weyland found in normal 


652 
dq 
iq 
> 


COMPOSITION OF CALCIFIED FOCI 653 


Bovine bronchial nodes 0.14 gm. SiO, per kilo dry weight, in tuberculous 
nodes 0.27 gm., and in calcified tuberculous nodes 1.54 gm. 

In the pus of tuberculous bone abscess, silica seems to be far from 
abundant, for Schulz (9) found in two specimens but 0.0532 and 0.0461 
per cent of SiO, Robin (10), indeed, says that the tuberculous lung 
contains less silica than the normal lung, but apparently this is based 
on two analyses only. 

The four following analyses of lung stones are cited by Ott and von 
Hoesslin (11): 


Calcium phosphate 
Calcium carbonate 
Magnesium phosphate 
Magnesium carbonate 
Fat and cholesterol 


In other words, allowing for difficulties in analysis, the calcified masses 
set free occasionally in tuberculous lungs and peribronchial nodes, 
exhibit quite the same composition as other areas of pathological calci- 


fication, resembling bone ash in their proportions of calcium and magne- 
sium phosphate and carbonate, with probably admixture at times of 
silicates deposited from inhaled dust, and also sometimes traces of iron 
from old hemorrhages. 

The group of German clinicians who of late years have so enthusiasti- 
cally advocated the use of silica in the treatment of tuberculosis (12) 
have laid much stress upon Zickgraf’s finding of silica in calcified tuber- 
culous lesions and lung stones. They base their therapeutics on the 
theory that silica is an important element in the formation of scar tissue, 
and cite these figures of Zickgraf as supporting the view that silica is 
concerned in the healing of tuberculous lesions. In so doing they com- 
pletely disregard the fact that the lung always contains much inhaled 
silicious dust, as also do the peribronchial nodes, and that this dust is 
concentrated in scars just as we see the coal dust accumulated in the 
healed tuberculous lesions. Hirsch (13) found in four ordinarily pig- 
mented lungs of adult city dwellers from 0.040 to 0.69 gram of SiO, 
per lung, which constituted from 0.04 to 0.72 per cent of the dry weight, 
or from 1 per cent of the total ash in the lung with the least silica up 
to 14.5 per cent of the ash in the lung with the most silica. These 
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figures show that with our ordinary inhalation of dust particles the lungs 
come to contain a far larger proportion of silica than Zickgraf found 
in his calcified tubercles, on which finding so much weight has been laid 
by advocates of silica as a therapeutic agent in tuberculosis. In gold 
mine workers in South America, McCrae (14) found from 19 to 48 per 
cent of the ash to be silica. 

Although these figures warrant the assumption that the silica found 


. in calcified tuberculous lesions in the lungs and peribronchial nodes by 


Zickgraf and others is derived chiefly if not entirely from inhaled silicious 


~ dust, we considered it advisable, in view of the use that has been made 


of these findings, to secure more direct evidence on the subject. This 
we have done by comparing the composition of calcified tuberculous 
lesions of the peribronchial nodes, in which inhalation silicosis is probable, 
with the composition of calcified tuberculous mesenteric lymph nodes, 
in which this source of silica can be excluded, and also a calcified tuber- 
culous pleural exudate. 


METHOD OF ANALYSIS OF CONCRETIONS 


The material was taken from the 80 per cent alcohol used as a preserva- 
tive (with the exception of the pleural exudate, which had been dried), 
cut into small pieces and extracted with ether in a Soxhlet apparatus 
for six hours. It was then dried at 110° for ten hours and weighed in a 
carbon dioxide flask. 

The carbon dioxide was liberated by boiling in 5 per cent hydrochloric 
acid, and determined gravimetrically by difference of weight of Geissler 
bulbs. 

The hydrochloric acid solution with the undissolved tissue was made 
up to 200 cc. and filtered. One aliquot portion of the filtrate was 
analyzed for inorganic phosphorus, and one was analyzed for oxalate. 

The phosphorus was determined by Pemberton’s modification of 
Neumann’s method, which consists of the titration of the ammonium 


phosphomolybdate, with NaOH. 


The oxalate was precipitated by excess ammonia. The precipitate 
was filtered, washed with 2 per cent ammonia and titrated with potas- 
sium permanganate. 

The remaining mixture was transferred to a platinum dish and evapo- 
rated to dryness. The last traces of hydrochloric acid were removed by 
repeated additions of absolute alcohol. This removal of HCl was 
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necessary because nickel crucibles were used for ashing. The residue 
in the platinum dish was transferred with water to the nickel crucible, 
evaporated to dryness on the water bath and ashed. 

The silica was determined in the ash by the method described by 
Lenher and Truog (15) with modifications needed in treating much 
smaller quantities of silica. The ash is treated with 30 to 60 cc. of HCl 
(Sp. gr. 1.07), and the mixture evaporated to dryness on the steam bath. 
The residue is treated with 10 to 15 cc. (depending upon the amount 
of ash) concentrated HC] (Sp. gr. 1.1), covered and heated on the steam 
bath for ten minutes. ‘The solution is diluted and filtered immediately. 
This filtration removes most of the silica. The filtrate is evaporated 
to dryness and dehydrated for two hours at 110°. The residue is taken 
up with 8 cc. HCl (Sp. gr. 1.1), covered and heated on the steam bath 
for five minutes, diluted with 25 cc. water and filtered immediately. 
The two filter papers containing the silicon dioxide are placed in a 
platinum crucible and ignited, ashed and weighed. The silica is deter- 
mined by loss on volatilizing with hydrofluoric acid, after the addition 
of a few drops of sulphuric acid. The filtrate from the silica was made 
up to volume, and aliquots taken for calcium and magnesium, and or- 
ganic plus inorganic phosphorus. The calcium and magnesium were 
determined by the method of McCrudden (16). The results of the 
analyses are given in table 1. 

All the materials analyzed were densely calcified masses, undoubtedly 
old healed tuberculous lesions, except specimen 993 which consisted of a 
group of caseous lymph nodes, both mediastinal and mesenteric, which 
showed only an early stage of calcification, with soft chalky foci in the 
caseous areas. This specimen was thoroughly extracted with boiling 
amyl alcohol, which should have dissolved out any calcium soaps that 
might have been present in so early a lesion, but 0.0005 gm. of calcium 
was thus obtained, which was not more than might have been dissolved 
out by such extensive amyl alcohol extraction of pure inorganic salts 
of calcium. After the liberation of the carbon dioxide, an aliquot part 
of the mixture, in solution in hydrochloric acid, was made alkaline with 
ammonium hydroxide. The precipitates which were formed and which 
might have been calcium oxalate, were washed with 2 per cent ammonium 
hydroxide and titrated with potassium permanganate which was reduced 
as it is by oxalates. 
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Calculated as calcium oxalate, this reducing substance was found in 
the following amounts: 


PERCENTAGE OF TOTAL 
CALCIUM OXALATE CALCIUM 


gm. gm. 
1028 0.0640 0.0200 
1004 0.1216 0.0380 
1023 0.0710 0.0221 
95-1922 0.0588 0.0183 
Dry pleural exudate 0.1781 0.0557 


We have no way of knowing whether this material was really calcium 
oxalate, although it behaved as this salt should. Probably it is not an 
oxalate, for such amounts of calcium oxalate have not previously been 
described as a constituent of calcified tissues, and a study of the calci- 
fied pleural exudate, which contained the largest proportion of this 
material, did not yield any recognizable oxalic acid. 

It will be seen from the figures given, that in our calcified tuberculous 
peribronchial nodes SiO: constituted from 0.24 to 1.2 per cent of the dry 
weight, or from 0.30 to 3.3 per cent of the total inorganic material of 
SiO2, or even less than Hirsch found in nontuberculous lungs. The low 
figures for SiO. undoubtedly depend on the large amount of calcium 
that had been deposited, ‘as shown by specimen 1043. Here the calci- 
fied nodules were separated as carefully as possible from the rest of the 
lymph node and the two portions analyzed separately, which revealed 
that the silica was almost exclusively in the noncalcareous portion of 
the node. That the silica found in these tissues comes to the lungs and 
lymph nodes as inhaled dust is proved by the fact that of the two speci- 
mens of calcified mesenteric nodes, one contained no SiO, and the other 
at best a doubtful trace. Of the same significance is the fact that the 
calcified pleural exudate contained but a very minute amount of silica, 
probably derived by lymphatic deposition in the pulmonary pleura. 
In general, the figures show that calcified tuberculous lesions are com- 
posed, like other calcified tissues and normal bone, chiefly of a mixture 
of calcium phosphate and calcium carbonate in a proportion of approxi- 
mately 10 to 1. The very small amounts of material analyzed in some 
of our specimens accounts for the variations from this standard, and 
also for the high figures for magnesium phosphate in a few cases, es- 
pecially when there was much organic material present. Possibly some 
of the magnesium may also have been inhaled as dust. 
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SUMMARY 


Calcified peribronchial lymph node and pulmonary lesions contain 
a small proportion of silica, but not more than uncalcified peribronchial 
lymph node or lung tissues contain in adults. This silica is derived 
chiefly, if not entirely, from inhaled silicious dust, for calcified tuber- 
culous mesenteric lymph nodes do not contain appreciable amounts of 
silica, and only a trace was found in a calcified tuberculous pleural exu- 
date. Therefore, these analyses furnish no chemical evidence support- 
ing the hypothesis that silica plays an important part in the healing of 
tuberculous lesions. Calcified tuberculous lesions resemble in composi- 
tion other calcified pathological tissues and also normal bone. 
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PLEURAL EFFUSIONS COMPLICATING ARTIFICIAL 
PNEUMOTHORAX! 


THEIR INCIDENCE, CHARACTER AND SIGNIFICANCE 


ANDREW PETERS anv J. STANLEY WOOLLEY 


Loomis Sanatorium, Loomis, New York 


Since artificial pneumothorax has become more commonly adopted in 
the treatment of certain types of pulmonary tuberculosis there has been 
wider opportunity to observe not only its undoubted and frequently 
striking beneficial results, but also its more untoward complications. 
Of these, by far the most common and the least perceptibly influenced 
by any modifications or refinements of technique is pleural effusion. 
This occurrence is so common and often of such slight apparent impor- 
tance, that it is often overlooked and not regarded as a complication. 
This circumstance probably accounts in part for wide variance in the 
statistics of incidence reported by different operators. 

In this paper we shall attempt to present briefly (1) the incidence of 
pleural effusion as a complication, as gathered from various sources of 
observation, with a differentiation of the various types observed, (2) 
a considerable series of clinical and laboratory observations made at the 
Loomis Sanatorium, (3) some of the views held as to its etiology, mechan- 
ism and consequences, with a discussion of these, and (4) the conclusions 
arrived at from all the data. 

Forlanini (1) speaks of pleurisy with effusion as the most frequent 
complication of artificial pneumothorax and says that the coexisting 
pneumothorax gives it a special significance. As Beggs says (2), this 
constitutes the great objection to recommending collapse early in the 
disease. Weiss (3) emphasizes the fact that the complication of pleural 
exudate must be reckoned on throughout the whole course of treatment. 
The occasional supervention of tuberculous empyema was early remarked 
by Brauer and Spengler (4) and by Dumarest (5). A review of Euro- 
pean, English and American literature shows some divergence in statis- 


1 Read in part before the Clinical Section at the Eighteenth Annual Meeting of the 
National Tuberculosis Association, Washington, D. C., May 4-6, 1922. 
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tics of the frequency of effusions but, as a general rule, those whose 
experience has been most extensive and prolonged report the highest 
incidence. Perhaps 50 per cent is the figure most frequently mentioned 
(Saugman (6), Von Muralt and Ziegler (7) (cited by Shortle), Rist 
(8), Riviere (9), Henius (10)). Sachs (11), in his compilation of the re- 
sults of 24 American observers up to 1915, gives the reported incidence 
in something over 1000 cases as 14.4 per cent, but adds that this figure 
must be considered too low, either because of the short period of many 
of the observations or of the omission of small effusions from the records, 
and he estimates the actual incidence as 30 to 50 per cent. Both Shortle 
(12) and Riviere have shown that the chance of effusion increases with 
the length of treatment and the latter states that in partial pneumothorax 
it is less prone to develop. Paterson (13) in a recent article gives the 
incidence as 75 per cent, while LeRoy S. Peters (14) believed that nearly 
all cases will eventually show some effusion if observed long and carefully 
enough. 

Several authors have brought forward evidence that the liability 
to effusion varies with the intensity and acuteness of the disease, notably 
Von Muralt and Shortle; the latter cites both his own statistics and those 
of Weinstein of Davos. Parfitt and Crombie (15) also showed that two- 
thirds of their effusions occurring in the Moderately Advanced group were 
transitory, as compared with 10 per cent of those in the Far Advanced 
group. These observations should certainly very strongly suggest that 
the main cause of these effusions is to be found within and not outside of 
the chest. 

Classification of these effusions has been attempted by a number of 
authors on clinical, morphological or special etiological grounds. It 


- must be recognized that one type frequently merges into another. The 


type accompanying or following a spontaneous pneumothorax, with 
demonstrable bronchial communication, should doubtless be placed in 
a special group, owing to the grave prognosis of this accident, which, 


‘however, in the Loomis Sanatorium experience has been comparatively 


rare. On the whole, the clinical classifications appear more practical, 
as one can generally but infer what the underlying pathological changes 
are. Thus we have, according to Von Muralt, (1) mild serous transitory 
effusions, (2) slowly increasing effusions with tendency to chronicity, 
which may become purulent, and (3) acute febrile pleurisies (these are 
the most likely to contain pyogenic bacteria). 
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The evolution of a clear serous effusion into a tuberculous empyema 
has been remarked by a number of different observers, among the first 
of whom were Brauer and Spengler, and has been most carefully described 
by Dumarest (16). It is noteworthy that it may take place unnoticed, 
and after defervescence. It should be clearly differentiated from septic 
empyema, especially that due to acute lung perforation, the symptoms of 
which are much more acute and severe, and the prognosis much graver. 
Some authors still further insist in differentiating what they term a benign 
sterile empyema, where no bacteria of any kind are demonstrable; but this 
is undoubtedly merely a mild tuberculous empyema in which the bacilli 
are either extremely scarce or may have been destroyed. Among 32 
effusions Tecon and Sillig (cited by Riviere) recorded 81.27 per cent as 
serous, 6.5 per cent serous becoming purulent, and 12.4 per cent purulent 
from the start. Jacot’s classification (17) of purulent effusions (also 
cited by Riviere) is an interesting one from the clinical standpoint. His 
first or benign type, evolving slowly from a serous effusion, is most fre- 
quent (36 per cent); next comes the rapidly developing type, grave from 
the start but sometimes subsiding (28 per cent); then the type due to 
lung perforation, eventually always fatal (20 per cent); and last the type 
becoming grave secondarily, without violent onset, but with bad progno- 
sis (16 per cent). He also suggests how these various types should be 
treated. 

We will now cite the clinical observations made and recorded on 75 
patients at Loomis Sanatorium who developed effusions complicating 
artificial pneumothorax, and then give the laboratory data on 36 pa- 
tients, most of whom were from the same series, but a few were studied 


afterwards. 


INCIDENCE 


Of the 142 patients treated up to October, 1921, and all started prior 
to April, 1921, in whom an appreciable pneumothorax was obtained, 2 
had a preéxisting effusion, and are omitted from consideration. Of the 
remaining 140, recognizable pleural effusions developed during the course 
of treatment in 75, or 53.6 per cent; quite possibly more, as it is likely 
that some small effusions may have been overlooked prior to the routine 
use of the fluoroscope, or considered too insignificant to mention. Our 
reported incidence, however, agrees very well with the observations of 
others who have had the widest experience. It should be remarked that 
4 patients out of the 75 developed an effusion on more than one occasion, 
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the interval being twelve months in one case. Two of these later effu- 
sions eventually developed into tuberculous empyemas, whereas the 
first effusion was purely serous in character. Of the 79 effusions reported 
in these 75 patients, 35 were of considerable degree (estimated to fill 
more than half the side of the chest), 28 were of moderate degree, and 
16 of slight degree (confined to the base only). Most of the largest 
effusions produced well-marked symptoms and most of the slight effu- 
sions insignificant symptoms or none at all, but this was not invariably 
true. 

‘The proportion of effusions which became purulent is of particular 
clinical interest: 9 out of 75 cases (12 per cent).? In these cases tubercle 
‘bacilli were usually found in large numbers (see laboratory examination). 
In 5 pyogenic bacteria were recovered, and 2 had demonstrable bronchial 
communication with the pleura. 

Incidence with respect to season or time of year: We naturally find 
considerable irregularity, but apparently a predominance in the last 
four months of the year, and also in March and April, while the least 
common month for effusions to appear was July. Of 79 effusions, 
27 occurred during the first four months (January, February, March and 
April), 17 during the next four months (May, June, July and August), 
and 35 during the last four months (September, October, November 
and December). 

Interval between beginning of treatmeni and appearance of effusion: 
60 (76 per cent) occurred within the first six months, 75 (95 per cent) 
within the first year, and 4 (5 per cent) after the first year. 
Results of the effusions and effects on course and progress of case: 


Immediate effects: 
Pneumothorax discontinued on account of effusion............. 13 
Pneumothorax discontinued on account of obliteration of pleural 


(34.7 per cent) 
Pleural space contracted more or less................eeeeeeeee (46.6 per cent) 


No appreciable effect on pneumothorax...............eeeeeee- 14 (18.7 per cent) 
Final results of treatment: 


2Since writing this paper several more effusions have developed into tuberculous em- 
pyemas, so that the percentage would probably be nearer 20 per cent. 
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Unsatisfactory 
Palliative only 


Present staius: 
48 (64.8 per cent) 


26 (35.0 per cent) 
26 (35.2 per cent) 


Comparison with results in the dry cases: If we go over all of our pneu- 
mothorax cases, relying solely on the bare figures, we find a slight advan- 
tage for the ‘wet group” both in the proportion of those alive and those 
in satisfactory condition; but the figures are misleading for the reason 
that a considerable number in the “dry” group were very unfavorable 
cases, in which treatment was continued but a short time, and pneumo- 
thorax only partial or incomplete. Unquestionably, with a longer period: 
of compression the number of effusions would have increased; therefore, 
these brief trials of “bad risks’ among the ‘‘dry” cases vitiate our 
statistics, and all that can be said is that the end results in our effusion 
cases have been better than one might be led to expect in view of the 
limitations which they impose on the continuation of pneumothorax and 
the unfavorable symptoms which not infrequently accompany or follow 


them. 
Comparison of treated and untreated cases (by aspiration, replacement by: 


air, etc.): 


Untreated Treated 

A. Considerable effusions: 15 (in 14 patients) 20 (in 18 patients) 

Pneumothorax discontinued 6 7 

Pleural space obliterated 4 0 

Pleural space contracted 5 10 

No apparent effect on space 0 3 

Living 7 (50 per cent) 12 (66.7 per cent) 

Condition Satisfactory 3 6 (one under observation)’ 
2 still under treatment 

B. Moderaie effusions: 2 

Pneumothorax discontinued 2 

Pleural space obliterated 8 

Pleural space contracted 10 

Pleural space unaffected 

Living 17 (77 per cent) 4 (66.7 per cent) 

Condition satisfactory 11 (50 per cent) 3 (60 per cent excluding 
one under treatment) 

C. Slight effusions: 16 (in 15 patients) 

Pneumothorax discontinued 1 (terminal bronchopneu- 

monia) 


664 ANDREW PETERS AND J. STANLEY WOOLLEY 


Pleural space contracted 6 

Pleural space obliterated 1 

Pleural space unaffected 8 

Living 8 (53.3 per cent) 
Condition satisfactory 4 
Still under treatment 2 


This comparison of the consequences and results in cases where the 
exudate was let alone and those where it was interfered with (usually by 
aspiration and replacement) is seen not to be entirely a simple matter, 
but appears to indicate that (1) in the case of the larger exudates better 
results were obtained when they were not allowed to accumulate and 
organize, but that some formation of adhesions and resultant contraction 
of the pleural space is difficult to prevent by any measures; (2) in the 
case of the moderate effusions, only a small number of which were treated, 
there appeared to be little if any advantage in result over the untreated, 
which, however, may quite possibly be due to selection of the cases, the 
treated being those which showed most tendency to persist and least to 
resorb, or else were those which presented the most marked symptoms, 
yet in about one-third of the untreated the pleural space became oblit- 
erated; and (3) even slight effusions may have a definite effect on the 
pleural space, but it seems impossible to prevent this gradual contracting 


process. 
Consequences and mortality of purulent exudates: All of these patients 


-were extremely ill, although at the onset the effusion was serous in all 


but one. The two patients who showed evidence of bronchial communi- 
cation with the pleura evidently developed it at a period subsequent to 
the onset of symptoms: they suddenly found themselves unable to 
bring up the customary amount of sputum, and at the same time became 
rapidly quite ill with evidence of sepsis. In both cases the fact of bron- 
chial communication was proved by the introduction of aniline dyes 
into the pleural cavity and their reappearance in the sputum within a 
short time. Both these patients eventually died despite all treatment, 
including thoracotomy and drainage. Three other patients who had 
secondary infection with pyogenic bacteria but no demonstrable bronchial 
communication were treated by repeated aspiration, pleural irrigation 
and introduction of gentian violet, in dilution from 1-5000 to 1—2500, 
with fairly rapid disappearance of the pyogenic microérganisms from the 
exudate. There was, however, persistence of a tuberculous empyema, 
which in two cases eventually was resorbed, but in the other gave rise to 
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such serious toxic symptoms that a thoracotomy was necessary, and later 
on a thoracoplasty was also performed by the same surgeon: the eventual 
result is still in doubt. Of the four purely tuberculous empyemas, 2 are 
living and 2 dead; one only is reported in satisfactory condition; one of . 
those who died succumbed shortly following a thoracoplasty, but has 
previously been running an unfavorable course following partial re- 
sorption of the exudate with pulling out of the cavities in the compressed 
lung. We have tried introduction of methylene blue solutions into the 
pleura after removal of the exudate by aspiration, but have not been 
particularly impressed by the results. We have also tried lavage with saline 
or weak sodium carbonate solution. In those cases which did badly, 
reactivation of the pulmonary disease after partial reéxpansion of the 
previously collapsed lung appeared to be at least as important a factor 
as the empyema fer se. 

Consequences and mortality of associated pyogenic infection: This was 
found present in eight cases (see laboratory data), and was associated 
with more or less severe and rapidly developing constitutional symptoms 
in all but one case. When the microérganisms were first demonstrated, 
the effusions in 2 cases were clear, in 2 cases turbid, and in 4 purulent. 
One case, with a clear fluid showing diplococci resembling pneumococci, 
terminated rapidly within a few days. In 5 cases intensive treatment 
by aspiration, lavage and introduction of gentian violet solution, was 
carried out, until at least 2 successive negative cultures of the fluid were 
obtained, except in one case with bronchial communication which ter- 
minated fatally despite surgical intervention. The fever and other toxic 
symptoms in at least two instances were rather promptly influenced, but 
in all tubercle bacilli were eventually demonstrated, either on smears or 
animal inoculation, showing that a purely pyogenic infection of the pleura 
in a tuberculous subject is probably extremely rare, and also accounting 
for the fact that as a rule the clinical symptoms do notclearup completely 
and rapidly, even with the disappearance of pyogenic bacteria from 
the exudate. Of the two remaining patients, one was treated only by 
aspiration and replacement of air, because, as mentioned, there were no 
prominent symptoms except those due to the mechanical pressure of the 
fluid; the other patient, having bronchial communication, died after 
about two months. This mortality of 37.5 per cent and of only 1 among 
5 promptly treated is, we think, unusually low for this type of case. 
Where there is patent bronchial communication the outlook is mani- 
festly unfavorable, probably hopeless. It should be remarked that the 
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effect of gentian violet seems to be exerted particularly on Gram-positive 
microérganisms. 


LABORATORY FINDINGS 


Thirty-seven fluids from thirty-six patients (approximately the last 
half of those reported above) received laboratory examination. In 
addition there were a few received later which are included in this report. 

Our very earliest examinations were rather cursory, but a routine 
method was later developed which applies to nearly all the fluids herein 
reported. In this routine method of study the following points were 
emphasized, applicable only in complete form to fluids removed asepti- 
cally, namely: 

Character: Clear or purulent. 

Albumen: Amount by Esbach method. 

Bacteria: 

Tubercle Bacillt: 
(a) Direct smear of sediment after centrifugating (Ziehl-Neelsen 
stain). 
(b) Animal inoculation. 
Other Microorganisms: 
(a) Gram stain of sediment: 
(b) Culture on at least two of the following: plain agar, dextrose 
agar and plain broth. 

Cytology: Either from stains already made or by Wright’s stain. 
The latter does not stain pleural fluid especially well and often the well 
stained carbol fuchsin methylene blue preparation gave better results. 

The Esbach method for estimating the amount of albumen gives only 
approximate results but its simplicity and familiarity commend it. The 
fluid to be tested is diluted with nine parts of water and the results read 
directly in percentages. 

For the animal inoculations usually 10 cc. were injected intraperitone- 
ally in the guineapig. As these fluids tend to coagulate spontaneously on 
standing, it is essential that the inoculation should be done without un- 
necessary delay. 

In arranging this study, where there was more than one examination 
done on the same case, only the result of the primary or first examination 
was tabulated. It was thought necessary to do this for reasons of 
comparison, as on over one-half of the fluids only one examination was 
done. Thus the remainder (of the fluids) have not the benefit of more 
extensive study. 
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The presence or absence of tubercle bacilli was considered the most im- 
portant feature of these studies; hence these results are reported first. 

Thirty-four cases had animal inoculation in addition to the direct 
smear method, as the latter yielded very few positive results (4 out of 
37). In the majority of cases where results of inoculation were doubtful 
or negative, reinoculation was done. There were six such instances in 
this group, with two ultimate positives. The results are given in table 1. 

It is interesting to note, in this table, the high percentage of positives 
obtained on the first examination. These results indicate that the tuber- 
cle bacilli can be readily detected in the vast majority of all these effusions. 
Of the negative fluids, in only one instance was a laterinoculation possible. 
This fluid was very markedly purulent, which may have had something 
to do with its failure to induce tuberculosis in the guinea pig. The latter 

TABLE 1 


POSITIVES | NEGATIVES 
PERCENTAGE 


Animal a | 
I * 
Direct smear ingenladed Reinoculation | Total Total 


POSITIVE 


1 | 24 | 2 27 7 80 


* This was a purulent fluid and failed to produce tuberculosis on inoculation. 


was killed ten weeks after the inoculation, after having survived the 
injection of 200 mgm. 'O. T. There was no macroscopic evidence of 
disease. 

From the above it is natural to assume that had later specimens been 
obtained many of these negatives would have been transferred to the 
positive group. 

In going over our laboratory reports we have been impressed with the 
general mildness and slow progression of the tuberculosis exhibited by 
the inoculated animals. Very few died or were markedly sick within 
six weeks, the majority being killed ten, twelve and even sixteen weeks 
after inoculation. Of late we are killing our pigs earlier if they have 
shown a definitely positive tuberculin skin test which is invariably pres- 
ent (allergy) in infected pigs before the disease has become very extensive 
(anergy). 

Superficially this might suggest a lowered virulence of the bacilli 
present in these fluids. It is a demonstrable fact that, in seropurulent 
and, to a lesser degree, frankly purulent fluids, where there is an abund- 
ance of polynuclears, these cells often show a marked degree of phagocy- 
tosis (of bacilli). One of our cases (Mrs. H.) showed many phagocyted 
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bacilli, only faintly staining with ordinary methods, but showing plainly 
with a modified Much’s stain. Yet this fluid produced an unusually 
rapid progressive tuberculosis on animal inoculation. 

Paterson (18) suggests the possibility of lowered virulence in discussing 
his results in experimental tuberculous effusions in guinea pigs, only 
later to show that the strain used (H 37) exhibited no loss of virulence on 
later culturing (?) and inoculation. He concluded that it was much 
more likely that the pigs received only a small number of bacilli from 
the inoculated fluid. 

The difficulty of demonstrating tubercle bacilli on microscopic ex- 
amination (four times only out of thirty-seven) plainly suggests their 
paucity in these exudates and this would readily explain the slow pro- 
gression of the disease in the inoculated pigs which usually react com- 
mensurately to the size of the dosage. 

It is also our impression that the strain of guinea pigs used by us are 
unusually resistant to tuberculosis, although we have no way of proving 
this at present. They have been subject to continuous inbreeding for 
some time, and we believe that, unknowingly, a resistant strain has been 
developed. We have in mind several animals inoculated in the groin 
with a definite amount of culture of known virulence (H 37), which are 
now showing very little external evidence of tuberculosis four months 
after inoculation. Lewis and Wright (19) point out that resistance 
in guinea pigs to tuberculosis depends in part on factors which are 
hereditary. 

The published reports of other observers in general bear out our re- 
sults with regard to the presence of tubercle bacilli in these exudates. 
All those who have examined them at all carefully (for example, R. C. 
Paterson, Rist, Kendall and Alexander, K. Henius, A. Weiss, Saugman, 
Von Muralt and Begtrup-Hansen), have found tubercle bacilli demonstra- 
ble in a large proportion of cases by animal inoculation and the opinion- 
of most other careful observers is that they are nearly all, if not all, the 
result of tuberculous infection from within. However, Mayer (20) in 
his study of these exudates reports the tubercle bacilli difficult to find, 
or absent, where there is a clear fluid. He ascribes the presence of these 
fluids to the effect of nitrogen gas on a diseased and functionally disturbed 
pleura. 

Other Bacteria: These were searched for by direct smear and culture. 
Only 27 cases were cultured and 8 of these were positive. The cultural 


findings were 
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Staphylococcus (alone) 

Staphylococcus plus diplococci 
Diplococcus (alone) All Gram-positive 
Pneumococcus IV 


In addition, two cases showed gram-positive diplococci on direct smear; 
one was not cultured and the other did not grow on culture. It must 
be borne in mind that staphylococci may occur in pairs as diplococci. 
Without culture one cannot be sure of the findings in direct smears. 
However, in the case not cultured the patient died so promptly that 
another specimen of fluid was not obtained. The one not growing was 
found in fluid that had been given gentian violet instillation on the 
suspicion of infection and was present in the smears from two different 
fluids (samples). 

In our earliest investigations, clear fluids were not searched for these 
secondary organisms; hence, only approximately three-quarters of this 
series were so studied. 

The combined results were as follows: 


Cultures positive....8 Smear (only) positive....2 Negative....17 Total....27 


Of the positive cultures, 4 were purulent at the time culture was made 


and 3 became so shortly afterwards. One only was nonpurulent (gram- 
positive diplococci) and this may have been the result of accidental con- 
tamination. The positive direct smears (only) came from nonpurulent 
fluids. A second specimen was never obtained in one, and the other 
(gentian violet treated) never became frankly purulent, although re- 
ported at times as cloudy. 

From the above it will be seen that the most common secondary in- 
fection was from the staphylococcus pyogenes. 

Albumen: Was estimated in twenty-niné cases (primary examination). 
The amount ranged from 2 to 6 per cent (one instance of each). Seven- 
teen were under 3 and twelve over 3 per cent, with a general average of 
3.25 per cent. In the few purulent cases in which the albumen was 
estimated the range was only slightly higher than the average for the 
nonpurulent. 

Wells (21) gives the average total protein (by accurate methods) in 
three cases of acute pleurisy as 4.59 parts in 100 and in three cases of 
hydrothorax as 1.77 parts. We found in 11 cases of simple pleural 
effusion, complicating tuberculosis, the albumen content (Esbach) to 
average 3.75 per cent. From this it would seem that the pneumothorax 
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effusions tend to have nearly the same albumen content as simple 
effusions. 

In comparing our albumen findings with those stated in Wells, it must 
be borne in mind that the Esbach tube method of estimating the albu- 
men is only approximate. However, it is very useful for purposes of 
comparison. 

From these albumen estimations it will readily be seen that these 
effusions are nearly always exudates and not transudates. The latter 
are noninflammatory in origin, contain less than 2.5 per cent of albumen 
and do not coagulate spontaneously. They also show very few cells 
and their specific gravity is usually lower than 1015. The specific 
gravity of effusions is usually given at 1018 and over. The specific 
gravity was estimated in only about one-third of these fluids and, as the 
average urinometer is often inaccurate or inaccurately read, these find- 
ings are not included in this report. However, those done ranged from 
1019 to 1025, the greater number lying between 1020 and 1022. The 
tendency to coagulate on standing was commonly present, as mentioned 
earlier, in the fluids reported. These observations with regard to the 
character of these fluids are in agreement with the findings of all who have 
reported on this (including Forlanini, Brauer and Spengler, Dumarest, 
Weiss, Shortle and Paterson). 

The cytology of these fluids was studied in many of these cases. Usu- 
ally the mononuclears were found to predominate although, with an acute 
or stormy onset or when secondary microdrganisms were present, the 
polynuclears were often found in excess. The latter especially applies 
to the cases gradually showing more and more cells and finally becoming 
purulent without the presence of secondary bacteria (tuberculous 
empyema). 

Three fluids showed this complication. Empyema is merely the final 
step in the progress of a pleural effusion where the pleural reaction is 
progressive. As Floyd (22) puts it, “‘the extent of the pleural reaction 
is controlled by the virulence (and amount?) of the infection and the 
body resistance. When the invading organism is one that excites little 
chemotaxis, pleurisy, with or without effusion, will result, but if chemo- 
tactic action is profound and the elaborated toxin not too destructive, 
empyema results.”’ 
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DISCUSSION 


When we come to consider the etiological factors of these effusions 
we should attempt to distinguish between (1) direct or immediate and 
(2) predisposing causes. Among the latter have been mentioned many 
things: for example, cold, rheumatism, long journeys, physical over- 
exertion, etc. Von Muralt (cited by Riviere) has noted a special fre- 
quency in March and April, and Dumarest (16) has also observed a 
higher incidence in the changing seasons, spring and autumn. We 
believe that some of these things do or may play a contributory réle. 
For example, we had formed the impression that chilling of the body 
surface, which is more likely to occur during cold and windy, damp and 
chilly, or exceedingly changeable weather, than during the more uniform 
summer season, played a part in the provocation of effusion; and our 
statistics as to seasonal incidence lend some support to this. Neverthe- 
less, we have thus far been unable in a rabbit infected with human 
tuberculosis and subjected to artificial pneumothorax for some weeks 
and then exposed to chilling (by an ether spray or by a fan playing on the 
moist surface) to induce the appearance of any effusion. However, 
within eight to ten days after intrapleural injection of bovine bacilli, 
an effusion appeared. 

Some have assumed, it appears to us on quite inadequate grounds, 
that the introduction of nitrogen gas, or as Bullock and Twichell (23) 
specify, cold nitrogen gas, into the pleural space, excites effusion, either 
by direct irritation, or by causing alterations in the pleura which interfere 
with the mechanism of secretion and absorption. ‘The character of these 
effusions, which, as has been shown, are probably always exudates, and 
tuberculous exudates at that, should dispose of any fine-spun circulatory 
theory of their formation, including the theory of retarded resorption 
of normal secretion. It is true that the pulmonary pleura, as Weiss has 
remarked, and as Bruns noted in animal experiments, probably becomes 
gradually thickened and inlaid with connective tissue during pneumo- 
thorax treatment, but whether or not these changes are the result of 
irritation or of simple atrophy of the endothelium, we have no reason to 
regard them as the cause of effusion. If they were, effusions should occur 
uniformly and should increase as time goes on. The reverse is actually 
the case, as is most convincingly shown by our statistics, the vast 
majority occurring during the earlier months of treatment, and later fre- 
quently disappearing entirely. Rist has pointed out that the irritating 
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effects of nitrogen gas can scarcely be held responsible, since this com- 
plication is never met with in experimental pneumothorax. There has 
been no convincing evidence presented to show that warming the air or 
gas has prevented effusion. Moreover, the specific heat of nitrogen is 
low and it rapidly assumes the temperature of the surrounding medium. 

We also find occasional authors here and there stressing some particular 
refinement of technique or asepsis necessary to prevent pleural infection 
from without; but the most careful operators still encounter effusions in 
abundance; few show pyogenic microérganisms, but the tubercle bacillus 
is practically always present. Moreover, the serous membranes are 
probably more resistant to the chance introduction of an occasional 
staphylococcus from the skin than was formerly thought. In fact, as 
to the direct or immediate cause of these effusions, or at least of the vast 
majority, he who carefully investigates the evidence available can be in 
little doubt. 

Forlanini (1) regarded the etiology as probably the same as that of 
the ordinary pleurisy accompanying phthisis; that is, in most cases due 
to the migration of pathogenic bacteria from lung to pleura, but, as it 
occurs more frequently than the ordinary pleurisy with effusion, thinks 
that other causative factors must also operate. These factors are 
obviously in the main mechanical ones. Brauer and Spengler (4) men- 
tion retrograde infection of the pleura from the diseased lung, but appear 
to think that it usually follows puncture of the lung by the needle or 
trocar. Weiss (3) regards these exudates as practically all due to in- 
fection: presumably he means with tubercle bacilli, as he states that their 
presence can nearly always be demonstrated. As we have mentioned, 
this has been corroborated by other careful observers, where animal 
inoculation has been done. That the tearing of an adhesion may 
operate as an occasional cause and source of such infection seems un- 
questionable, but we do not believe it to be a necessary one, since we 
frequently see adhesions separate without effusion occurring, and also 
see effusions occur where there has been a practically complete pneumo- 
thorax for some time, with no change in the pressure under which the air 
or gas is administered. Although some authors have laid stress on the 
varying degrees of intrapleural pressure as a causative factor, we are not 
greatly impressed with the importance of a high or low pressure per se 
in causing exudates, except where there are thin-walled cavities near the 
surface, with attached bands of adhesions, in which case the accident to 
be expected is a sudden spontaneous pneumothorax or pyopneumothorax 
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and not simple serous effusion. The whole controversy as to whether a 
high or low intrapleural pressure is more conducive to exudate seems to 
us rather far-fetched and unprofitable, and no constant or even frequent 
correlation has been observed at Loomis. 

Attention has been called by a number of authors to the undoubted 
fact that extension of a tuberculous deposit in or near the pleura is 
probably easier when the pleural surfaces are separated, as localizing 
adhesions cannot form. This conception of an endogenous reinfection 
of, or migration of bacilli to the pleura, is in accordance with the observed 
facts. The preference which certain authors (Dumarest, Kendall and 
Alexander, etc.) have noted for cachectic or delicate subjects is most 
plausibly explained on the grounds that in these subjects either tubercle 
distribution is extensive, or reparative processes in abeyance, or possibly 
that the tissues are particularly allergic. The occasional presence of 
other bacteria besides tubercle bacilli is not surprising, since they are 
frequently found in advanced ulcerating tuberculous lesions of the lung. 
The greater frequency of exudates which we have observed during the 
earlier months of treatment would also be expected, as the lymph chan- 
nels are then probably more permeable and cluttered up with bacteria, 
and fibrotic encapsulation has not yet had a chance to take place. It is 
true that Forlanini states he has observed most effusions to occur, not 
during the early part of treatment, when the patient is bedridden, but 
later when he begins to be up and about; however, he gives no statistics 
on this point; moreover, unwonted exertion undertaken too soon might 
readily increase the movement of lymph and dislodge bacilli into channels 
leading to the periphery. In this connection a brief review of the lymph 
flow in the normal and pathological lung is quite apropos. This matter 
has been most painstakingly gone into by W. S. Miller (24), who has 
shown that the valves in the communicating vessels between the pleural 
and the deeper pulmonary lymphatics always point toward the pleura, 
and that, while drainage from the lung under normal conditions is toward 
the hilum, if this is prevented it is into the pleural vessels. 

The important experimental work of Paterson (18) on the pleural 
reaction to inoculation with tubercle bacilli in normal and in immunized 
guinea pigs, and a similar piece of work by Floyd (22) with other bacteria, 
showed that (1) intrapleural inoculation of tubercle bacilli in tuberculous - 
guinea pigs results in exudation of serum, leucocytes, red blood cells, 
and fibrin, while in normal guinea pigs there is no noticeable pleural 
reaction but a rapid dissemination of infection, and (2) that the effusions 
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are capable of causing tuberculosis in guinea pigs although no bacilli can 
be found (on staining). 

Paterson also concludes that clinical pleural effusions in tuberculosis 
are caused by the infection of an allergic pleura. Elsewhere he considers 
the effusions occurring in artificial pneumothorax as probably of the same 
origin, the reinfection occurring either by the tearing of adhesions or 
altered lymph flow. 

There has been some diversity of opinion as to the effect and con- 
sequences of these effusions on the course and outcome of the case. 
Comparative statistics, as we have pointed out, are not entirely reliable, 
chiefly on account of the great diversity of conditions which must be 
grouped together, and the entrance of other variable or unknown factors. 
Saugman (6), in a considerable series, has noted a slight advantage in 
the end results in the “‘dry cases.” Sachs (11) says that, while in a 
certain percentage of cases improvement does occur, this complication 
is regarded by most experienced observers as affecting the future outlook 
(unfavorably). Occasional symptomatic improvement, often only 
temporary, has been noted by many, either shortly after their appearance, 
when it is most generally ascribed to improved lung collapse, or following 
resorption, when other mechanical factors, such as the stiffening of a 
flexible and swaying mediastinum, come into play. LeRoy S. Peters 
(14) regards the effects, at least of simple serous effusions, as mainly 
mechanical. Shortle (12) says that except in the case of purulent exu- 
dates it is the consensus of opinion that, if properly treated, little harm 
results unless adhesions form and the pleural cavity becomes largely 
abolished. Both the ‘‘if” and “‘unless,” we could add, require emphasis. 

Riviere (9) has divided the effects of pleurisy in pneumothorax into 
(1) beneficial and (2) unfavorable, and thinks it difficult to generalize. 
He believes the beneficial results are mainly mechanical despite the 
reported demonstration of specific antibodies in many cases and is not 
convinced that they are lasting. Among the unfavorable effects is the 
serious deterioration of the general condition, which usually ensues when 
fever and constitutional symptoms are protracted; the obvious pressure 
symptoms, with occasional dislocation of organs; also the thickening 
of the visceral pleura, which interferes with later expansion of the lung. 
(In certain cases this might be a desirable thing.) The formation of 
dense adhesions following resorption of the exudate, preventing or limit- 
ing the continuance of treatment and gradually tending to draw the lung 
out and often to reopen old lesions, has been noted so often that it is an 
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old story and often a disheartening last chapter. As Weiss has observed, 
the compressed lung behind the exudate frequently begins to expand 
before undesirable symptoms make their appearance. The manner of 
absorption and organization of the exudate appears to be such that watch- 
ful waiting and most careful fluoroscopy often fail to detect it until it is 
too late. Hence the practice has grown in favor of late of removing 
considerable or persistent accumulations and replacing them with gas. 
What particular gas is used seems rather immaterial. Atmospheric air 
is most convenient. Morriston Davies (25) and the English writers 
generally seem to favor oxygen to replace fluid, but for just what reason 
we are unable to ascertain. Recently we have tried carbon dioxide gas in 
a few instances because of the work of Corper, Gauss and Rensch (26), 
which appeared to show that tubercle bacilli are inhibited orkilled by high 
concentrations of this gas. 

Finally, while it may not be a consequence of the effusion, Riviere and 
others have at times noted to be associated with it or follow it aspread of 
disease not only in the homolateral but also the contralateral lung. 


SUMMARY AND CONCLUSIONS 


1. Over 50 per cent of our patients treated by artificial pneumothorax 
have developed recognizable pleural effusions, and several have developed 
repeated effusions. They are most frequent in the earlier months of 
treatment, but may occur even after a long-continued successful com- 
pression, and even after the lung has been allowed to reéxpand. 

2. The seasonal order of frequency from our records appears to be 
(1) autumn, (2) winter, (3) spring and (4) summer. 

3. Between 10 and 20 per cent of our effusions have later assumed the 
purulent character of tuberculous empyemas. Occasionally infection 
with pyogenic microérganisms occurs, sometimes apparently preceding 
but nearly always in association with tuberculous empyema. In very 
few of these cases have we been able to demonstrate bronchial com- 
munication. Where the appearance of a pleural effusion is associated 
with pronounced constitutional symptoms, a specimen of the fluid should 
always be removed and smears and cultures made and examined without 
delay. 

4. In about one-third of our cases pneumothorax was discontinued 
because of the effusion, or the obliteration of the pleural space followed 
its organization and absorption, while in nearly one-half the pleural 
space became more or less contracted afterwards. 
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5. Tubercle bacilli can be found on direct smear in a small proportion 
of cases, but are demonstrable by guinea pig inoculation in the vast 
majority (80 per cent in our series). The more carefully these are sought 
for the more frequently will evidence of their presence be found. 

6. The appearance of these effusions signifies an allergic response 
on the part of the pleura to endogenous infection, probably usually from 
intrapulmonary foci by lymphatic metastasis. It is simply, to quote 
Krause (27) a “‘phase of reinfection in the sense that it represents extension 
or metastasis from foci elsewhere in the body.” The allergic serous 
membrane (pleura) responds characteristically with the formation of an 
exudate. The extent and kind of the pleural reaction is probably in 
proportion to the degree of infection. 

7. Empyema except where rupture has occurred is merely the final 
step in the progress of a pleural effusion where the pleural reaction is 
progressive. 
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PULMONARY INVOLVEMENT IN NONPULMONARY 
TUBERCULOSIS 


JAMES G. VAN ZWALUWENBURG, A. D. WICKETT ann E. F. MERRILL 


From the Department of Roentgenology, University Hospital, University of Michigan, 
Ann Arbor 


The purpose of this study is to carry into a new field the investigations 
previously published from this laboratory on the incidence and nature 
of the so called pleural cap. This descriptive name has been given to a 
shadow frequently seen as a thin linear density beneath the ribs over 
the apices of the lungs. We have previously published studies of its 
coincidence with tonsillar tuberculosis (1), with tuberculosis of the cervical 
lymphatics (2), and its incidence in a series of radiograms including all 
chest cases coming to our laboratoy over a three months’ period, and in a 
series of 258 normals (3). We believe that we are justified in the assump- 
tion that the cap is essentially a tuberculous product and that it 
frequently precedes all other radiographic evidence of a tuberculous 
infection. We are, therefore, interested in discovering the frequency 
of this sign in surgical tuberculosis, as well as in the incidence of pul- 
monary complications in the latter conditions as determined in the light 
of this earlier lesion. 

The materials for this study were accumulated by selecting from the 
lists of all nonpulmonary tuberculosis patients in the Departments of 
Surgery and Medicine those cases represented in our files by the original 
chest plates. Since the files in our laboratory accommodate the plates 
representing a period of only one year or thereabouts, the selection was 
decidedly restricted. Rather than accept the typewritten records of 
the readings made at the time of examination, it was thought better to 
adhere strictly to the principle that the original plates should be reviewed 
without reference to their previous diagnosis either in our department or 
elsewhere in the hospital and thus eliminate all suspicion of subjectivity 
in the readings and classifications. 

This material does not accurately represent a cross section of all the 
cases of surgical tuberculosis coming to the hospital, since a certain selec- 
tion enters into the referring of the patient to the Department of Roent- 
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genology. There has been an agreement between the various depart- 
ments concerned that all cases of this clinical group should be referred to 
the X-ray room as a routine procedure, but a survey of the lists sub- 
mitted demonstrates that many did not reach this laboratory. It is, of 
course, impossible to discuss the motives leading to the making of the 
plates, but it must be assumed that some suspicion of intrathoracic 
disease must have been present in the mind of the physician ordering the 
X-ray examination, and accordingly the calculations made from this 
data may be expected to exaggerate the incidences of these conditions. 
It is well to remember that none of these patients came to the hospital 
for complaints that suggested or could be attributed to pulmonary 
tuberculosis. 


TABLE 1 


Abdominal tuberculosis 


*These cases are in addition to the series reported in the preceding paper. 


Under these conditions we were able to collect a total of 120 cases, but 
in 9 of these the plates were of such poor technical quality that no reliable 
information could be obtained from them. ‘These failures resulted 
mainly from failure in codperation in arresting respiration and in the cases 
of “‘stretcher cases” in which the usual technique could not be followed. 
This left 111 cases with satisfactory records in our Department. 

Classified according to the clinical conditions, these cases were dis- 
tributed as shown in table 1. 

The collected plates were reviewed by three physicians experienced in 
the reading of plates and familiar with the appearance of the pleural 
shadow. ‘They worked in pairs with the third an interested umpire. In 
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case of dispute, the question of the proper classification was not settled 
except on the agreement of all parties, with the understanding that any 
concessions in opinion must be in favor of conservatism. As a matter of 
fact, differences of opinion occurred infrequently. 

At this stage of the study, the case was represented by a serial number 
only. When the readings were completed, the records were sorted out 
into groups according to the clinical diagnosis as recorded in the referring 
departments. The notations were made in tabular form, describing not 
only the position, but also the type of lesion observed and the extent and 
character of the process. ‘The classified lists were then entered on a large 


1 
Distribution of the pulmonary lesions in the entire series 


cy dy 
32 3 


3 1 
3 15 


3 7 
Total = 111 


Legends for all charts 


No pleural disease 

Apical pleuritis 

No pulmonary tuberculosis 
Pulmonary tuberculosis 


chart according to the nature and position of the thoracic findings, the 
side or sides involved and whether pleural or plumonary or both. 

A condensation of this table is given in chart 1. The sixteen combina- 
tions possible by the simultaneous occurrence or absence of pleuritis and 
pulmonary tuberculosis on either side or both, are each represented by 
a rectangle which is completely characterized by marginal letters, the 
significance of which is given with the chart. All the tables are uniform 
in the matter of nomenclature. 

It will be seen that the a-w-c-y group (representing negative findings 
on all four counts) is represented by 32 cases in chart 1. This is a con- 
servative figure, since it includes no fewer than 6 cases presenting faint 
pleural lines, concerning the significance of which there might be a pos- 
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sible doubt and therefore placed in the negative column. Except for 
these 32 cases, the entire group showed unmistakable evidences of in- 
vasion by the tubercle bacillus at some time or other. In 16 of these, 
the pleural line was dense and smooth on its lower surface and gave the 
impression that the shadow represented a scar and not an active lesion, 
and was not accompained by pulmonary lesions demonstrable on the 
plate. 

The incidences of the lesions in the various anatomical subdivisions 
indicated has been calculated and tabulated in the next table comparing 
them with the average incidence for all cases coming to the X-ray room 
as determined in our former paper. 


TABLE 2 
Distribution of the lesions in the undivided group 


No thoracic pathological changes 
Pleuritis only 

Pulmonary tuberculosis only 
Both pleurae and lungs involved 


TABLE 3 


Right pleural cap (b) 61/111 = 0.550 
Left pleural cap (d) 62/111 = 0.559 
Right oulmomary tuberculosis. (x) 51/111 = 0.459 
Left pulmonary tuberculosis (y) 44/111 = 0.396 


This table can be paraphrased by saying that in the 111 cases of this 
series, the right pleura escaped involvement only 50 times, the left 
pleura 49 times, the right lung 60 times and the left lung 67 times. In’ 
comparison with the larger series, the incidence is considerably greater 
but it is worthy of note that the order and relative positions of the 
different anatomical distributions are essentially the same. 

By a summation of the squares representing similar numbers of lesions 
as shown by the connecting lines on chart 1, we find the relationships 
shown in table 4. ‘ 

Here again the relative frequency of the various stages is approximately 
that of the previous series, but the numerical increase in all but the 
“no lesion” group can only mean the greater frequency of tuberculosis 
as a complication of other tuberculous disease over the ordinary average 
for all cases coming to the laboratory. 
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The study of the separate groups as shown by charts 2 to 7 show some 
interesting differences. However, the number in each group is so small 
that only the most guarded conclusions can be accepted. 

In chart 2 are given the distributions of the lesions in 48 cases of bone 
and joint tuberculosis, arranged according to the involvement of bones, 
joints, and spine. Of these, the bone cases fall mostly towards the upper 
left hand areas of the chart (representing a minor degree of involvement), 
while the spinal cases gravitate towards the lower right hand corner of 
the diagram where the multiple lesions are collected, being represented by 
i of the cases in the rectangle representing involvement of both lungs 
and both pleurae. It would seem on the face of this chart that the 
pulmonary condition is relatively more advanced in the Pott’s disease 
cases than in the other bone cases. We have the suspicion that the age 
factor may be of greater importance in this respect than the type of 
lesion, unless it should be found that bone lesions are more frequent or 
have their inception at an earlier age than Pott’s disease. 


TABLE 4 


Cases showing no thoracic involvement 
Cases showing one lesion only 

Cases showing two lesions only 

Cases showing three lesions 

Cases showing four lesions 


It is also worthy of note that but 10 of the 48 cases, or 21 per cent of the 
undivided group, escape all involvement. Reference to the original 
data shows that the only case of Pott’s disease that escaped pulmonary 
involvement presented what appeared to be a healed lesion in the 
right apical pleura. The unusual positions of two of the cases of joint 
tuberculosis may be accounted for by their complication with a renal 
tuberculosis. 

Referring to chart 3, one is struck by the fact that only three of the 
seven cases in the series of intestinal tuberculosis escaped extensive 
involvement of both lungs. Consulting our original data, we find that 
two of the three were cases of localized tuberculosis of the caecum, while 
the remaining four were diagnosed generalized intestinal tuberculosis. 
In the latter cases, the pulmonary involvement was extensive and old, and 
it may very well be that the intestinal condition was secondary and in a 
sense terminal. 
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CHART 2 
Bone and joint tuberculosis 


CZ 


Total = 48 
J = Joint tuberculosis, B = Bone tuberculosis, S = Spinal tuberculosis. 


CHART 3 


Abdominal tuberculosis 


cz 
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Total = 22 
I = intestinal tuberculosis, P = peritoneal tuberculosis, T = tuberculosis of fallopian 
tubes. 
CHartT 4 
Urinary tuberculosis 
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By contrast, peritoneal tuberculosis seems to have largely escaped 
pulmonary involvement. Of the 13 cases, one presents pulmonary in- 
volvement only, 3 both pleural and pulmonary lesions, while 5 have 
pleural lesions alone and 4 escape any involvement. 

The rest of the tables are selfexplanatory and scarcely justify an ex- 
tended discussion. We believe a further study of this problem might 
give information of distinct value. So far as can be judged from the 


CHart 5 
Tonsillar tuberculosis 


cz 


2 


Total = 8 


CHART 6 
Lymph node tuberculosis 


CZ 


Total = 19 


Cuart 7 
Fistula in ano 


There were two cases of fistula in ano and both presented advanced tuberculosis of the 
lung and pleura. 


limited number of cases, we seem to be justified in the conclusion that the 
coexistence of thoracic lesions is must more common than is ordinarily 
appreciated in the conditions which form the basis of this study. 
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PULMONARY TUBERCULOSIS AND INFLUENZA! 


A STATISTICAL STUDY OF 3,168 CONSECUTIVE TUBERCULOSIS 
DISPENSARY CASES 


THOMAS KLEIN 
Philadelphia 


Since the influenza epidemic of 1918-1919 many patients have attrib- 
uted their ill health to the “flu.” All of us are now aware of the many 
pitfalls in diagnosis that postinfluenzal chests present. Soon after they 
made their appearance, many cases were undoubtedly wrongly diag- 
nosed as having tuberculosis. It was entirely within reason that many 
new cases of the latter would appear and that old inactive cases would 
be reactivated. There has also been a great deal in the literature since 
then to substantiate these views. 

As we became more familiar with the chest findings in this type of 
of case, especially when they were returning from various sanatoria after 

1 a stay of six or eight months, we were forced to revise our diagnosis in 
many cases. Symptomatically, many of these patients improved rapidly 
under institutional care. Many always had a negative sputum, with a 
persistence of their vague physical signs (those more often of an inter- 
stitial emphysema with a low, more or less fixed diaphragm, loss of 


| I cardiac dulness, suppressed breath sounds, rales at the bases, etc.). This 

i with X-ray findings (diffuse peribronchial infiltration scattered through- 

; out both lungs, more often at the base) have convinced many of the 
of difficulties of correct diagnosis. 


For this reason, I have studied all new cases admitted to a tuberculosis 
dispensary for two years, between September 1, 1918, and September 1, 
1920, believing that this period was sufficient to gather in all cases which 
were in any way attributable to that epidemic. Other such reports 
; have been compiled but all have dealt to a great extent with sanatorium 
Zz cases. It is to be remembered that my own series were all untreated 
cases, coming to a routine tuberculosis dispensary. Most of them were 
referred there by physicians or former patients. They were all from 


' 1 From the Pennsylvania State Tuberculosis Dispensary No. 21 and the Graduate School 
Ff of Medicine, University of Pennsylvania. 
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the laboring class, especially those living in the poorer sections of the 
city. 

At the dispensary the history was taken by a trained person who had 
been doing this work for eight years. The term influenza was not 
applied to the ordinary acute respiratory infection (common cold). 
It was necessary for the patient to give definite symptoms of sufficient 
severity for the term influenza to be applied. These cases were all 
followed by a social worker and many were referred to the State and 
other sanatoria for further care and observation. Since then I have 
endeavored, with fair success, to check up the diagnosis and sputum 
reports, with the aid and codperation of the various institutions to which 
the patients were sent, in this way hoping to collect definite and correct 
data. 

Three distinct questions arise from the data at hand: 1. The réle 
of influenza as an etiological factor in pulmonary tuberculosis. 2. Was 
the tuberculous patient partially immune to influenza? 3. The effect 
of influenza upon the already tuberculous patient. 

In all there were 3168 new cases admitted to the dispensary.? Of this 
number 1480 or 46.7 per cent were clinically diagnosed as having active 
pulmonary tuberculosis. The remaining 1688 or 53.2 per cent were 
negative for the disease. The large number of negative cases was pri- 
marily due to the examination of all family contacts. The positive cases 
were all classified into stages according to the National Tuberculosis As- 
sociation classifications. These were again divided into positive and 
negative sputum cases, so as to obviate any error in diagnosis. 

It will be noted that 45 or 23.2 per cent of the 194 first stage cases, 
249 or 46.1 per cent of the 539 second stage cases and 483 or 57.8 per 
cent of the far advanced cases had positive sputum. 

Sex and color: A further analysis showed that the relationship of males 
to females was 1.64 to 1. There were 920 males (845 whites and 75 
blacks) and 560 females (490 whites and 70 blacks), diagnosed as having 
active pulmonary tuberculosis. 

The females had influenza approximately twice as often as the males. 
Because of the comparatively small number of colored patients studied 
it is difficult to draw conclusions. It would appear that color did not 
play an important part. 


2 Cases which had been formerly discharged as arrested cases were again readmitted as 
new cases. 
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In endeavoring to answer the first question, namely, the effect of 
influenza as a possible causative factor in the inerease of tuberculosis, 
I have divided the positive cases into those with and those without 
positive sputum. In the former group there can be no doubt as to the 
correctness of the diagnosis. The only possible error would lie in the 
exact interpretation of the term influenza. Possibly‘a small proportion 
of them may rightly fall into a class of acute exacerbations of a former 
unknown and latent tuberculous process. This, however, cannot be 
entirely ruled out and may account for a slight error on the side of 


influenza. 
TABLE 1 


POSITIVE SPUTUM NEGATIVE SPUTUM 
per cent per cent 
pecond stare’ 539... ... 249 46.1 290 
TABLE 2 
SEX COLOR . TUBERCULOSIS NO INFLUENZA INFLUENZA 


549 296 


Male 


Male Black 77 59 18 
Female White 490 245 245 
Female Black 88 46 22 


It was quite surprising to find such a large proportion of tuberculosis 
cases that had had influenza, many of which dated their illness from that 
time. Of the 727 cases with positive sputum, 261 or 35.9 per cent had 
influenza. In the other series of cases, or those with positive diagnosis 
and negative sputum and in which there were greater possibilities for 
error in diagnosis, it was found that 317 or 42.1 per cent of the 753 cases 
gave a history of having had influenza. 

Allowing the possibility of a 5 to 10 per cent error in diagnosis in the 
negative sputum cases, it is surprising how parallel these two columns 
ran. 

In the same series there were 1386 contact cases, of which 514 had 
influenza and 408 or 79.4 per cent remained perfectly well, while the 
remaining 106 or 20.6 per cent developed active tuberculosis. A great 
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many of the contacts examined were children and had escaped the in- 
fection entirely. As influenza was most prevalent during the third and 
fourth decades, so did we derive more active cases during this period. 
It is interesting to note the age incidence and the stage of the disease 
at the time of recognition among the contacts. 

From the above data it appears that influenza played an important 
etiological réle in all cases of pulmonary tuberculosis coming under 
observation in the two-year period following the epidemic; that percent- 
age ranging from 20.6 amongst the tuberculosis contacts to 42.1 in the 
positively diagnosed cases with negative sputum. Lying nearly midway 
between these two percentages are the positive sputum cases with a 

TABLE 3 


Number of cases clinically diagnosed as pulmonary tuberculosis 
Number of cases having positive sputum 

Number of cases having positive sputum and influenza 

Number of cases having negative sputum 

Number of cases having negative sputum and influenza 


TABLE 4 
Number of tuberculosis contacts who had influenza and became tuberculous afterward, 106 


STAGES 


Second 


0-10 
10-19 
20-29 
30-39 
40-49 
50-up 


history of having had influenza, namely 35.9 per cent. On the other 
hand, of the 1688 negative cases examined, 573 or 34.4 per cent gave a 
history of influenza and remained perfectly well for the two-year period. 

Was the tuberculous patient partially immune to influenza? In en- 
deavoring to answer this question I have again divided the cases into the 
positive and negative sputum cases, as follows: 


Number of positive cases having negative sputum and influenza 


NUMBER HAD INFLUENZA | PER CENT 


65 20.5 
124 39.1 
128 40.3 


L....... 261—35.9 per cent 
317—42.1 per cent 
First maz Third 
1 2 
7 5 1 
5 14 15 
3 10 21 
5 8 
1 7 
149 
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Number of positive cases having negative sputum and no influenza 


NUMBER NO INFLUENZA PER CENT 


84 79.5 
166 60.9 
186 59.7 


Number of positive sputum cases having influenza (261 or 35.9 per cent) 


NUMBER HAD INFLUENZA PER CENT 


First stage 18 40.0 
Second stage 92 36.9 
Third stage 151 34.8 


Number of positive sputum cases without influenza 


NUMBER NO INFLUENZA PER CENT 


First stage 27 60.0 
Third stage | 282 65.2 


Combining the two groups we find that there were 578 or 39 per cent 
of all the positive cases that had influenza. Of these, 83 or 14.3 per cent 
were first stage cases, 216 or 37.2 per cent were second stage cases and 
279 or 51.5 per cent were third stage cases. This leaves a remainder of 
902 or 60.9 per cent of the positive cases that did not have influenza. 
The percentages and classification run fairly parallel with those cases 
that had influenza; for example, 


FIRST STAGE SECOND STAGE THIRD STAGE 


per cent per cent per cent 


Positive cases that had influenza 83-14.3 216-37 .2 279-51.5 
Positive cases without influenza 108-11.7 334-37 .0 460-50 :9 


Of the 1688 negative cases, 573 or 34.4 per cent had influenza and 
remained well. 

From the above facts it would appear that the tuberculous patient 
was in no way immune to influenza. The greater percentage of cases 
of influenza occurred in the first and second stage cases. On the con- 
trary, because of the larger number of third stage cases considered in the 
series, the percentage was lower and would tend to make one believe 
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that the far advanced case had some resistance to influenza. This I 
do not believe to be the correct interpretation. 

The effect of influenza upon the tuberculous patient: In the great major- 
ity of the untreated cases influenza was disastrous to the patient. In 
this series 502 or 33.8 per cent of the 1480 cases had influenza and their 
condition was aggravated by it. This is a great deal higher than most 
others report but I believe it is due to the unfavorable surroundings, 
lack of food, hardships and lack of medical care, suffered by the people 
at the time. 


CONCLUSIONS 


1. Influenza played an important etiological réle in 39 per cent of all 
cases of pulmonary tuberculosis studied in a period of two years, ex- 
tending from September 1, 1918, to September 1, 1920. 

2. The tuberculous patient was not in any way immune to influenza. 

3. In the untreated cases a surprisingly large number were made 
worse by the occurrence of influenza. 
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MECHANICAL FACTORS IN HEMOPTYSIS! 


EDWARD N. PACKARD 
Saranac Lake, New York 


The vascular system is early attacked in pulmonary tuberculosis and 
forms one of the important pathological manifestations of the disease. 
The lumina of the vessels about the focus are usually obliterated by 
endarteritis, but frequently the process is incomplete and rupture of 
the vessel wall may occur and hemoptysis result. The hemorrhage may 
be due either to erosion of the vessel wall or to rupture of an aneurysmal 
dilatation of an artery. Very often the patient believes he has “done 
something” to start the bleeding; and, clinically, hemoptysis often 
occurs in close relationship with physical strain of some sort. A few 
observers have found it convenient to classify hemoptysis into two 
groups: those unattended by exertion and those associated with or oc- 
curring shortly after exertion. Thus Bang (1) in a study of 354 initial 
hemoptyses found that 70 per cent occurred when the patient was lying 
down or reclining in achair and that only 30 percent were associated with 
various acts of strain, such as rising from bed, walking, straining at stool, 
climbing stairs, etc. However, the exertion associated with the act of 
coughing is not mentioned by Bang as a causal factor in hemoptysis. 
In this communication I desire to confine attention to hemoptyses 
associated with physical strain. It is generally stated that such hemor- 
rhages are due to increased blood pressure in the pulmonary circuit. 
This theory is based on the fact that exertion is known to raise the 
systemic blood pressure, and this observation has probably led to the 
supposition that the pulmonary blood pressure is likewise affected. 
Experimentally, however, it is difficult to show that marked variations in 
pulmonary blood pressure actually occur. On account of the inac- 
cessibility of the pulmonary vessels in man, the exact pressure values and 
variations are unknown and must remain more or less a matter of con- 
jecture. Studies of the pulmonary circuit in dogs, however, may be 
accepted as a fairly accurate guide to the conditions existing in man. 


1 Read before the Clinical Section at the Eighteenth Annual Meeting of the National 
Tuberculosis Association, Washington, D. C., May 4-6, 1922, 
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It has been found that the various factors or forces which come into 
play during an act of strain have probably very little direct effect upon 
the pulmonary circulation. During acts such as straining at stool, 
parturition, lifting heavy weights, and so forth, the breath is held and 
pressure is made against a closed glottis. This may raise the systemic 
blood pressure 30 or 40 mm. Hg. ‘The left ventricle, under such cir- 
cumstances, meets an increased peripheral resistance and may be unable 
to completely empty itself and thus a back pressure effect is exerted on 
the pulmonary circulation. The phenomenon might be presumed to 
give rise to an increased pulmonary blood pressure and pulmonary con- 
gestion, but the work of Henderson and Prince (2), Straub (3), Wiggers 
(4), and others, shows that the heart accommodates itself to the height- 
ened arterial resistance by distention of the left ventricle. This disten- 
tion of the ventricle in turn causes a deflection of the ventricular septum 
to the right with a consequent reduction in the size of the right ventricle 
and the volume of its systolic discharge. Aside from an insignificant 
increase in the blood volume of the lungs, the pulmonary circuits, accord- 
ing to Straub, remain entirely unaffected. In other words, a “‘back 
pressure effect”’ is overcome by the simultaneous operation of two factors, 
namely, the increased working capacity of the left ventricle and the 
mechanical reduction in the systolic discharge of the right ventricle. 

Another compensatory factor is brought into action when an increased 
volume of blood is pumped into the pulmonary vessels by the right heart. 
The momentary rise of pressure in the pulmonary veins stimulates the 
left ventricle to more powerful contractions and so maintains a constant 
lung blood pressure. Conversely, when the output of the right heart is 
considerably diminished, the left ventricle responds with a dispro- 
portionately decreased contraction. Thus the lungs are never drained 
of their blood, nor are they congested by everyday acts of exertion, 
provided the heart functions normally. 

The mean pulmonary blood pressure is much lower than the systemic, 
the ratio being 1:6 or 1:7. It is not subject to such degrees of variation 
in pressure as the systemic pressure and its flow is characterized by a 
greater steadiness. The statement found in many textbooks, that 
sudden elevations of pulmonary blood pressure occur and thus cause 
hemoptysis, is not supported by experimental evidence, and Wiggers 
in a personal communication states that he very much doubts that 
hemoptysis is ever preceded by, or due to, an increase in pulmonary blood 
pressure directly. 


692 EDWARD N. PACKARD 


However, even though we allow increased pulmonary blood pressure 
a part in the production of hemoptysis, there are still other mechanical 
factors of particular importance in this regard, to which I desire to draw 
attention. The first is the effect of marked variations in intrapulmonic 
air pressure upon eroded and weakened vessels, either venous or arterial, 
brought about by an act ofstrain. During quiet breathing, this variation 
is extremely small, but upon sudden exertion the intrapulmonic air 
pressure may be increased a hundredfold; that is, equal to the weight 
of 135 cm. of water. The termination of this act of exertion is the open- 
ing of the glottis, the sudden release of the imprisoned air and a drop to 
less than atmospheric pressure as a deep breath is taken. Now in the 
case of a lung cavity containing a disease-weakened vessel, the internal 
blood pressure of which is around 25 mm. Hg., can we not conceive a 
rupture, or the hastening of a rupture, through this circumstance of an 
abrupt and marked variation of external pressure? Might not this 
same force be a potent factor in the forming of aneurysmal dilatations of 
unsupported blood vessels? Similarly, in the paroxysms of cough the 
mechanical forces employed are identical with those used during any 
other act of strain. This fact, disregarded by Bang in his statistical 
study of hemorrhage, may account for the relatively low percentage of 
cases noted by him associated with exertion. 

Another mechanical factor which may play a part in the causation of 
hemoptysis is the stress and strain upon disease-weakened vessels by 
movements of adjacent portions of the normal lung. Morbid areas with 
lost elasticity are frequently anchored to the chest wall by pleural ad- 
hesions. During cough, the contiguous zones of healthy lung exert an 
active tug on the diseased areas and thus subject the weakened vessels 
to an untoward strain. Furthermore, the sudden enlargement of an 
antrum under excessive intrapulmonic air pressure tends to attenuate the 
blood vessels and therefore must be regarded as an important pre- 
disposing factor in rupture of the vessel wall. 

Hemorrhage ceases with the formation of a clot over the point of rup- 
ture and in the adjacent bronchi. If now, from excessive strain, com- 
monly the result of cough, the intrapulmonic air pressure be suddenly 
and markedly raised, one can readily visualize that this would dilate the 
bronchus, dislodge the clot and cause a recurrence of the bleeding. 

Whether or not this be the actual explanation of recurrent hemorrhage, 
clinical observation points unmistakably to the fact that it often follows 
directly in the wake of cough. 
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The mechanical factors above mentioned, namely, sudden and great 
variations of external air pressure upon weakened blood vessels; the 
stretching of these diseased vessels by excessive lung movements, as 
occurs during paroxysms of cough; and the dilatation of a bronchus, 
with the dislodgement of a blood clot, appear, to the mind of the writer, 
to be better explanations of the cause of hemoptysis during, or following, 
strain, than sudden elevations of pulmonary blood pressure. 
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A CLINICAL STUDY OF 289 SERUM REACTIONS WITH 
TUBERCULO-ANTIGENS 


PAUL M. ANDRUS 


Queen Alexandra Sanatorium, London, Ontario 


This serological study consisted of complement fixations with 
tuberculo-antigens; the inhibitive reaction of Caulfeild (1) and Wasser- 
mann tests. Complement deviation was performed with Petroff’s 
glycerin extract of tubercle bacilli; the inhibitive reaction consists, 
according to Caulfeild, of “the power of certain sera to prevent a dose 
of alcohol-ether extract of tubercle bacilli, in itself anticomplementary, 
from absorbing complement.” Tests were performed with fresh in- 
activated sera, ice-box fixation over night; and, for the inhibitive reaction, 
natural antisheep haemolysin was removed from each serum. For the 
Wassermann tests, cholesterinized alcoholic extract of human heart 
was used. 

The clinical records represent.a painstaking investigation of each case 
over a period of time, with stereoscopic plates where any doubt as to 
diagnosis was possible. 

From table 1 it will be noted that among the actively tuberculous 
50 per cent of those having positive Wassermann reactions also have 
positive tuberculo-complement fixation (T. C. F.), which raises the ques- 
tion of cross or false fixation. Watkins and Boynton (2) found 60 per cent 
of Wassermann positive cases to have also positive T. C. F., and, com- 
paring this with 52 per cent of positive T. C. F. reactions in their entire 
series, they conclude that cross fixation does not occur. This is not 
however conclusive for the individual case. Snow and Cooper (3) 
found that 31 per cent of cases of active tuberculosis gave false positive 
Wassermann reactions with cholesterinized antigen, basing their diagno- 
sis of the absence of syphilis on clinical data. Young and Givler (4) 
report 60 per cent of cases, having positive Wassermann reactions and 
no evidence of clinical tuberculosis, giving positive T. C. F. with different 
antigens. Petrofi (5) and Caulfeild (6) have not been able to demonstrate 
false fixations with extracts or normal and pathological tissues, bacteria, 
lipoids, etc. 
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In our own series we noted one case with both positive Wassermann 
and T. C. F., which after antiluetic treatment became Wassermann 
negative but maintained the tuberculo-reaction unimpaired. We have 
tried the effects of heat on these reactions, as suggested by Nishida and 
Petroff (7) in looking for a differential technique. As seen in table 2, 
both reactions were completely destroyed by heating to 70°C. for 30 
minutes (diluted sera). The tuberculo-reactions were unaltered by 
heating to 63°C. for 20 minutes (undiluted sera), while 25 of the Wasser- 
mann reactions were completely destroyed and 2 unimpaired under these 
latter conditions. The two Wassermann positive sera, the properties 
of which were not destroyed by heating to 63°C. for 20 minutes, were 
part of a group of nine in which both Wassermann and T. C. F. reactions 
were strongly positive. The finding of such heat-resisting sera suggested 
the possibility of their Wassermann-fast properties being cross fixations 


TABLE 1 


Cases with positive Wassermann reaction 
Cases with positive Wassermann and T. C. F. (tuberculo-complement fixation) 


TABLE 2 


SERA WITH NUMBER POSITIVE NEGATIVE 


Positive T. C. F. heated to 70°C., 30 minutes 32 32 
Positive Wassermann heated to 70°C., 30 minutes......... 27 27 
Positive T. C. F. heated to 63°C., 20 minutes 32 0 
Positive Wassermann heated to 63°C., 20 minutes 27 25 


with the tuberculo-antibodies, inasmuch as all other sera showed destruc- 
tion of the Wassermann properties, but not of the tuberculo-properties, 
under those conditions. 

To demonstrate this we attempted to determine whether or not, after 
removal of the Wassermann reacting bodies, there remained substances 
which would bind complement with tuberculo-antigen. For this purpose 
we did serial Wassermann tests on each of the nine sera having double 
reactions, using varying amounts of complement. The first tube of 
each series to show complete inhibition of haemolysis was selected, the 
sheep cells removed by centrifugation, and the tuberculo-complement 
fixation test performed, using the supernatant fluid in place of fresh 
serum. With this technique, seven sera showed positive T. C. F. reac- 
tions approximately equal to the original. Of the two sera which had 
remained Wassermann positive after heating to 63°C. for 20 minutes, 
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one gave a clearly negative T. C. F. and the other a 50 per cent loss of 
T. C. F. after removal of the Wassermann-fast bodies as above. While 
these data are quite insufficient and require considerable elaboration of 
technique, it is nevertheless very suggestive that cross fixation between 
these reactions may occur. In this connection it is of interest that 
Petroff (5) reports a tuberculous cow and sheep which showed persistently 
positive Wassermann reactions. 


TABLE 3 


NUMBER PER CENT 


1. 221 cases classified beyond all reasonable doubt as clinically tuberculous, and in need 
of treatment 


Moderate to strong inhibitive 45 
Definitely positive T. C. F 42 
Both marked inhibitive and T. C. F 17 
Neither inhibitive nor T. C. F 25 


2. 20 cases previously clinically tuberculous, but quiescent at time of tests 


Well marked inhibitive reaction ° 15 
Well marked T. C. F 10 


3. 18 cases diagnosed nontuberculous, after intensive clinical study 


Negative T. C. F. and inhibitive 
Negative T. C. F. moderate inhibitive 


DIAGNOSIS 


Punch (8) reports 100 per cent negative tuberculo-complement fixation 
reactions in nontuberculous cases. Other observers vary in their figures 
from 8 per cent to 24 per cent. Caulfeild, in an unpublished article, 
finds 7 per cent strongly or persistently positive T. C. F. reactions in 
65 clinically normal students, and 6 per cent well marked inhibitive 
reactions in the same group, but in no case were these inhibitive reactions 
persistent. Nishida and Petroff (7) report 8 per cent positive tuberculo- 
complement fixation reactions in clinical normals, and point out that 
these may represent residual antibodies from old disease, just as we have 
in other infections. Supporting this view are Caulfeild’s and our own 
observations, that these reactions, unlike the inhibitive, when once 
developed tend to persist. 
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Our own data (table 3) show a lower percentage of positive T. C. F. 
reactions in the definitely tuberculous than found by many other observ- 
ers. This may, however, be accounted for by the nature of our material, 
which consisted largely of ex-soldiers who were given institutional treat- 
ment for low grade activity for which many civilians would remain at 
home. Our 18 cases, diagnosed as nontuberculous after a period of 
intensive clinical study, gave 100 per cent negative T. C. F. reactions, 
and 11 per cent of moderate inhibitive reactions, while of 20 cases, which 
had previously suffered from a clinical type of pulmonary tuberculosis 
but at the time of the tests were regarded as quiescent or arrested, 10 
per cent gave positive T. C. F. reactions and 15 per cent moderate 
inhibitive reactions. 

Punch (8) concludes, “‘that in the complement fixation test we have a 
reliable means for the diagnosis of an active or recently active tuber- 
culous lesion (pulmonary),” and ‘‘that a negative result is as reliable an 
indication of the absence of such a lesion as a positive is of its presence.” 
Among other observers, however, is found relative agreement that these 
tests are not of value in themselves for diagnosis one way or the other. 
From the high percentage of strongly positive complement fixation reac- 
tions in the advanced tuberculous and their absence in the clinically 
nontuberculous, we are accustomed in our own clinic to regard such a 
finding as requiring proof ‘to unmake the diagnosis rather than to make it. 
To the weaker and negative reactions we cannot, in themselves, attach 
such importance. As to the inhibitive reactions from the standpoint of 
diagnosis, Caulfeild (9) states, ‘‘The presence of a marked inhibitive 
reaction together with slight or even doubtful complement fixation is in 
my opinion an absolute indication that the patient has an active tuber- 
culous lesion.” In table 5 it will be noted that, of cases having a 
weakly positive complement fixation reaction and marked inhibitive 
reaction, 100 per cent were improving, this being the only serological 
association in which such a finding is seen. We thus conclude that such 
a combination is indicative of marked resisting powers to tubercle, and 
from this deduce that only an active tuberculous lesion could reasonably 
be expected to produce such a result. Similarly, a well marked inhibitive 
alone, especially if persistent, probably always means an active tuber- 
culous focus in the body, though not necessarily one that is, or will 
become, demonstrable clinically. 
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TABLE 4 


Analysis of 207 consecutive cases classified within all reasonable doubt as clinically tuberculous 
and in need of treatment 


1. Far advanced, positive sputum, 24 cases 
a. T. C. F. positive, 21 or 87.5 per cent 
Inhibitive moderate to strong 
Inhibitive weak or negative 
b. T. C. F. negative, 3 or 12.5 per cent 
Inhibitive moderate to strong 
Inhibitive weak or negative 
2. Moderately advanced, positive sputum, 51 cases 
a. T. C. F. positive, 31 or 61 per cent 
Inhibitive moderate to strong 
Inhibitive weak or negative 
b. T. C. F. negative, 20 or 39 per cent 
Inhibitive moderate to strong 
Inhibitive weak or negative 
3. Moderately advanced, negative sputum, 72 cases (Chronic 
fibroid type) 
a. T. C. F. positive, 27 or 38 per cent 
Inhibitive moderate to strong 
Inhibitive weak or negative 
b. T. C. F. negative, 45 or 63 per cent 
Inhibitive moderate to strong 
Inhibitive weak or negative 
4. Incipient cases, 60 
a. T. C. F. positive, 11 or 18 per cent 
Inhibitive moderate to strong 
Inhibitive weak or negative 
b. T. C. F. negative, 49 or 82 per cent 
Inhibitive moderate to strong 
Inhibitive weak or negative 


5. Summary of table 4 


CASES WITH 


Strongly positive T. C. F 
Weakly positive T. C. F 
Negative T. C. F 

Moderate to strong inhibitive 
Weak or negative inhibitive 
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6 5 1 
5 2 13 
1 1 0 
2 0 2 
4 13 1 
7 6 11 
3 12 1 
7 0 7 
10 0 
7 6 11 
25 1 
14 
6 0 
3 2 
22 2 
11 | 14 
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PROGNOSIS 


When commencing this work, we were naturally of the opinion that a 
definite complement fixation reaction, if it were as we thought a specific 
antigen-antibody reaction, would mean that the patient was producing 
antibodies and therefore resisting his infection. This view is apparently 
held by Watkins and Boynton (2) who state 


We have become convinced that one of the most valuable features of this 
reaction is the negative test in a case of proved tuberculosis: . . . . @ 
patient with an active tuberculosis and insufficient antibody to bind comple- 
ment should be regarded as in a state of exhaustion of his immunity process. 


TABLE 5 


IMPROVING NOT IMPROVING 


Number Per cent Number Per cent 


1, T. C. F. strongly positive 5 20 36 64 
Inhibitive marked 14 4 10 
Inhibitive weak or negative............... 6 32 84 

2. T. C. F. weakly positive 25 9 16 
Inhibitive marked 17 0 0 
Inhibitive weak or negative............... 8 9 53 

Inhibitive marked 60 4 6 
Inhibitive weak or negative...............- 16 37 70 


Stivelman (10) concludes, ‘‘The reaction sheds no light on the imme- 
diate prognosis.”” Caulfeild (11), speaking of complement deviation in 
tuberculosis, states, ‘Its presence in the tuberculous is usually found 
among the more unfavorable type . . . . usually they are cases 
of doubtful tendency and extremely liable to acute and sudden clinical 
outbreaks.” Lawrason Brown and colleagues (12) in an article dealing 
with clinical activity state that 90 per cent of cases that relapsed had 
positive tuberculo-complement fixation reactions, while of those that did 
well only 50 per cent had positive T. C. F. reactions. 

Our own observations bring us decidedly into sympathy with these 
latter views. Referring to table 4, section 5, it will be seen that 64 
per cent of cases with strongly positive complement fixation reactions 
did not do well, which figures are exactly reversed in the cases with 
negative T. C. F., although those with weakly positive findings show a 
slightly better prognosis than the negative ones. When we examine the 
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inhibitive results, however, and find that 94 per cent of all cases with 
moderate to well marked reactions of this type are doing well, and that 
69 per cent of those having weak or negative reactions are failing to 
improve, quite independent of the stage of the disease, it becomes 
obvious that prognosis based on complement fixation results alone is of 
relatively little value, inasmuch as these are directly influenced for good 
or bad by the presence or absence of an inhibitive reaction. 

Of further interest are the findings in table 5, where it will be noted 
that the prognosis in a case with well marked inhibitive reaction is 
better when accompanied by a weakly positive T. C. F. (94 per cent as 
against 90 per cent). As the figures indicate, we have yet to see a case 
showing this combination of well marked inhibitive reaction and weakly 
positive T. C. F., which was not making marked improvement. 

The importance of repeated tests is emphasized by the following data 
in which correlation of clinical progress with serological results was 
possible over a period of months to years: 

1. Nine cases maintained well marked inhibitive reactions with clinical 
evidence of marked resistance to their disease process over a period of 
time. Three of these also maintained weakly positive complement 
fixation reactions. 

2. One case has developed and maintained strongly positive comple- 
ment fixation and negative inhibitive reaction over a period of thirteen 
months, together with well marked clinical improvement. ‘This is the 
only case of the kind we have seen. 

3. Four cases showing marked inhibitive reactions lost them along 
with clinical retrogression. 

4, Three cases, with weak fixation and negative inhibitive reactions 
and d«ing poorly, developed well marked inhibitive reactions and im- 
proved clinically. 

5. One case with weak fixation and marked inhibitive reaction over a 
period of two years became an arrested case and lost both reactions. 

6. Two quiescent cases maintained negative reactions of both types. 

7. Three retrogressing cases maintained negative reactions. 

8. Five cases, with strongly positive fixation and negative inhibitive 
reactions, maintained these findings with continued retrogression, one 
to exitus. 
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SUMMARY AND CONCLUSIONS 


1. Cross or false fixations between Wassermann-fast and tubercle- 
fast antibodies are not the rule, but can nevertheless be demonstrated 
in individual cases. 

2. The presence of these reactions per se cannot establish a diagnosis 
other than that of biological tuberculosis; the stronger and more per- 
sistent the reactions, however, the greater are the probabilities that the 
patient is fighting a clinical or subclinical tuberculous lesion. 

3. The tests have by far the greatest value in prognosis and as a guide 
to treatment in the individual case. 
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STUDIES ON THE RESPIRATORY ORGANS IN HEALTH 
AND DISEASE 


VII. A CORRELATION OF SYMPTOMS, VITAL CAPACITY READINGS 
AND PHYSICAL AND X-RAY FINDINGS IN 619 CASES EXAM- 
INED FOR PULMONARY TUBERCULOSIS’ 

J. A. MYERS 


Minneapolis 


Tables and graphic charts have been prepared from which one may 
quickly ascertain the vital capacity percentage of any given case when 
a few simple measurements are known. These tables and graphic 
charts were made according to the normal standards of Dreyer, West, 
and Myers. They have been used in the study of more than 2000 
apparently healthy men and women of Minnesota. The figures ap- 
pear to be slightly low for the men and slightly high for the women 


of Minnesota. These tables and charts have also been used in the study 
of more than 600 persons examined for pulmonary tuberculosis. It is 
true that normal vital capacity standards vary for people of different 
countries. It also appears at the present time that such standards vary 
for people of different sections of this country, just as the normal height 
and weight standards for children of certain eastern cities are not cor- 
rect for children of certain cities of the middle west. In the present 
study it makes very little difference what normal standards are used 
as long as all cases are compared with the same standards and due con- 
sideration is given to the fact that these standards may be slightly high 
or slightly low. For example, if one takes readings on a sufficiently 
large number of persons in any given locality and finds the average vital 
capacity percentage to be 105, one may regard this as normal for the 
people of that particular locality. Then, if a group of persons in the 
same locality is found to have an average vital capacity of 90 to 95 per 
cent they may be looked upon as slightly abnormal for that locality. 


1 From the Department of Internal Medicine, University of Minnesota, and the Depart- 


ment of Tuberculosis, Minneapolis General Hospital. 
Presented by title at the Eighteenth Annual Meeting of the National Tuberculosis Associ- 


ation, Washington, D. C., May 4-6, 1922. 
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In the present work an attempt has been made to correlate the symp- 
toms, vital capacity readings, and physical and X-ray findings in a group 
of cases examined for pulmonary tuberculosis.. The 619 cases included 
in this paper came for examination because pulmonary tuberculosis was 
known to be present or was believed to exist. Stereoscopic X-ray 
plates were made in 516 of them. Table 1 shows the patients grouped 
according to the X-ray findings. In 89 cases in which the latter were 
entirely negative the average vital capacity was found to be 103.4 per 
cent. In 24 cases in which X-ray plates suggested chronic bronchitis 
the average vital capacity was 107.8 per cent. One hundred and two 
patients with peribronchial infiltration had an average vital capacity 
of 103.3 per cent. This is approximately the same percentage as was 
found in the cases with negative X-ray findings. There were 23 cases 
in which X-ray examination revealed old pleurisy. Some of these 
patients gave histories of pneumonia and empyema, but none of them 
had demonstrable pulmonary tuberculous lesions at the time of examina- 
tion. These cases had an average vital capacity of 91 per cent. 

The patients whose X-ray examinations revealed parenchymatous 
infiltrations were divided into two classes as follows: (A) those with 
unilateral disease and (B) those with bilateral disease. The cases with 
unilateral lesions were grouped according to the extent of the disease 
as follows: (1) those with disease above the first rib or an area of similar 
size in some other part of the lung, (2) those with disease involving no 
more than one lobe, and (3) those with disease involving more than one 
lobe. There are 98 cases in the first group with an average vital capacity 
of 98.7 per cent. This average percentage seems high, but there is a 
considerable number of these cases which have slight fibroid or calcified 
lesions of no clinical significance. In the second group there are 46 
cases with an average vital capacity of 92.4 per cent. The 18 cases in 
the third group show an average vital capacity of 68.0 per cent. 

The patients whose X-ray examinations revealed bilateral disease 
were grouped as follows: (1) those with disease above the first rib, or 
an area of similar size on each side, (2) those with disease involving no 
more than two lobes and (3) those with disease involving more than two 
lobes. In the first group there are 38 cases with an average vital capac- 
ity of 91.8 per cent. In the second group there are 53 cases with an 
average vital capacity of 79.0 per cent. There are 25 cases in the third 
group with an average vital capacity of 54.0 per cent. 
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TABLE 1 


Grouped according to X-ray findings 


NUM- 
BER OF 
CASES 


VITAL CAPACITY 
PERCENTAGE 


Average 


Lowest | Highest 


CASES 
IN 
SANA- 
TORIA 


Probably chronic bronchitis 
Peribronchial infiltration 
Old pleurisy, no pulmonary tuberculosis 
Parenchymatous lesions: 
A. Unilateral: 
1. Above the first rib 


B. Bilateral: 
1. Above the first rib 
2. Not more than two lobes 
3. More than two lobes 


103.4 
107.8 
103.3 

91.0 


98.7 
92.4 
68 .0 


91.8 
79.0 
54.0 


82.0 
82.0 
74.0 
64.0 


70.0 
31.0 
38.0 


51.0 
43.0 
26.0 


122.0 
128.0 
133.0 
118.0 


120.0 
122.0 
120.0 


110.0 
119.0 
82.0 


ber cent 


Total number of cases 


TABLE 2 


Grouped according to physical signs and symptoms 


NUMBER 


VITAL CAPACITY PERCENTAGE 


OF CASES 


Average 


Lowest 


Highest 


103.6 
104.9 
103 .8 
92.4 


96.2 
79.4 
77.6 


86.2 
68.5 
49.2 


54.8 
50.5 
39.6 


84.0 
81.0 
69.0 
63.0 


132.0 
115.0 
133.0 
118.0 


122.0 
89.0 
103 .0 


120.0 
103.0 
61.0 


80.0 
83.0 
61.0 


i 
i 
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2. Not more than one lobe..................| 46 60.8 
Parenchymatous involvement 
1. Minimal 
2. Moderately advanced 
3. Far advanced 
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In all the groups of cases with parenchymatous lesions it will be seen 
that the vital capacity percentage range is quite wide. Most of the low 
percentages are explainable on the basis of active pulmonary disease. 
The high percentages may be due to the fact that an overdeveloped vital 
capacity existed prior to the development of disease or that the present 
lesions revealed by the X-ray are of slight or no clinical significance. 

It is interesting to note that 23.4 per cent of the cases with unilateral 
disease above the first rib are in sanatoria while only 26.3 per cent with 
bilateral disease above the first rib are in sanatoria. The percentage of 
cases in sanatoria becomes materially increased as the extent of disease 
revealed by the X-ray is increased. 

When the cases were grouped according to physical signs and 
symptoms it was found that there was no evidence of disease revealed 
by physical signs in 149 cases. The average vital capacity of these 
cases is 103.6 per cent. There are 21 cases in which diagnosis was 
reserved because of questionable physical signs and symptoms. The 
average vital capacity of these cases is 104.9 per cent. The 100 cases 
with definite evidence of chronic bronchitis show an average vital capac- 
ity of 103.8 per cent. The lowest vital capacity reading taken in this 
group is 69.0 per cent. In this and a few other cases with rather low 
vital capacities the expectoration was profuse and the low reading may 
be due to mucus obstruction of some of the bronchial tubes. Twenty- 
nine cases with pleurisy show a vital capacity reduced to 92.4 per cent. 

The patients whose physical examination revealed evidence of paren- 
chymatous involvement were grouped into the minimal, moderately 
advanced and far advanced stages. The patients in each stage were 
then subgrouped according to whether they had (a), (5), or (c) symptoms. 
The 99 cases with minimal (a) tuberculosis show an average vita] capac- 
ity of 96.2 per cent. There are 25 patients with minimal (6) disease 
whose average vital capacity is 79.4 per cent. The average vital capac- 
ity was found to be 77.6 per cent in 5 cases with minimal (c) disease. 

There are 112 cases with moderately advanced disease. Forty-four 
of these cases with (a) symptoms show an average vital capacity of 
86.2 per cent, 66 cases with (b) symptoms an average vital capacity of 
68.5 per cent, while 12 with (c) symptoms have an average reading of 
49.2 per cent. 

There are 69 cases with far advanced disease. Seventeen of these 
cases with (a) symptoms show an average vital capacity of 54.8 per cent. 
Forty-one cases with (6) symptoms show an average vital capacity of 
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50.5 per cent, while 11 cases with (c) symptoms have an average vital 
capacity of 39.6 per cent. Thus it may be seen from table 2 that the 
average vital capacity for each stage of the disease decreases as the 
symptoms increase. 


SUMMARY 


1. This study includes 619 patients who came for examination for 
pulmonary tuberculosis. 

2. Stereoscopic X-ray plates were taken in 516 cases while physical 
examinations were made in 619 cases. 

3. In 149 patients in whom the physical examination revealed no 
evidence of disease and 89 cases in whom X-ray revealed no evidence of 
disease, the average vital capacity was found to be approximately 103.0 
per cent. 

4. In 100 cases suffering from chronic bronchitis the average vital 
capacity was slightly higher than 103.0 per cent. 

5. Twenty-nine cases. with pleurisy showed an average vital capacity 
reduced to approximately 92.0 per cent. 

6. All groups of cases with evidence of parenchymatous lesions showed 
reduction in the average vital capacity. The average vital capacity 
was found to decrease with the extent of disease revealed by the X-ray 
and physical signs. There was also a decrease in the average vital 
capacity with increase of symptoms. 


I am deeply indebted to the Hennepin County Tuberculosis Association (Minneapolis) 
for financial aid received in the preparation of this paper. 
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THE AFTER-HISTORY OF 953 TUBERCULOUS PATIENTS 
DISCHARGED FROM THE METROPOLITAN LIFE 
SANATORIUM FROM 1914 TO 1920! 


HORACE J. HOWK, LOUIS I. DUBLIN anp INGER A. KNUDSEN 


This is the first of a series of reports we hope to make on the experience 
of the tuberculous graduates of the Metropolitan Life Insurance Com- 
pany Sanatorium at Mt. McGregor. It is a preliminary statement on 
about one thousand such graduates, covering the period from the open- 
ing date, November 24, 1913, to December 31, 1920. It gives all the 
cases at least one full year of observation following discharge and the 
earliest cases as many as seven full years since discharge. While we 
realize that the period under observation is very short the material 
justifies treatment in view of certain favorable features. These consist 
of the homogeneous character of the sanatorium population from the 
point of view of their uniform employment, fairly good social and eco- 
nomic status and high level of intelligence. All of these items, of course, 
play an important part in the success of any sanatorium effort. The 
present study will show the effect of a rather ambitious attempt to serve 
these persons in every reasonable way, having in mind the unusual 
opportunities which were presented at the Mt. McGregor Sanatorium. 

This sanatorium was built as the result of the determination of the 
officers and directors to care for the sick tuberculous employees of the 
Metropolitan Life Insurance Company. When this decision was made 
there were close to 18,000 employees in the home office and in the field. 
Estimating the probable number of cases of tuberculosis needing treat- 
ment at 1 per cent of the entire force, there was need for an institution 
containing about 180 beds and this was the number called for by the 
original plan of the institution. Since that time with the increase in 
the number of employees the original estimates have been correspond- 
ingly developed, and there is now available a total of 214 beds for tuber- 
culosis patients. The total number of tuberculosis patients admitted 
to the Sanatorium from the beginning to December 31, 1921, is 1349. 


1 Read at the Eighteenth Annual Meeting of the National Tuberculosis Association, 


Washington, D. C., May 4-6, 1922. 
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The following figures show the number for each year: 


TOTAL 1921 1920 | 1919 1918 1917 1916 1915 1914 


1349 130 160 | 187 146 218 223 157 128 


Of this number 18 were classed as suspected tuberculosis and 12 were 
nonpulmonary cases. This leaves 1319 pulmonary cases. Of this 
number 56 per cent were admitted as Incipient, 37 per cent Moderately 
Advanced and close to 7 per cent Far Advanced. This may be com- 
pared with 1892 admissions to the Trudeau Sanatorium from 1911 to 
1920, which show the following percentages: Incipient 28 per cent, 
Moderately Advanced 66 per cent and Far Advanced 6 per cent. (These 
figures omit from consideration patients in that sanatorium under three 
months.) Of 1192 patients admitted to Loomis Sanatorium from 1916 
to 1920 the percentageswereasfollows: Incipient 13 per cent, Moderately 
Advanced 39 per cent and Far Advanced 48 per cent. Of the 1707 
patients admitted to the King Edward VII Sanatorium from 1907 to 
1914 the cases were distributed as follows: Incipient 27 per cent, Moder- 
ately Advanced 50 per cent and Far Advanced 23 per cent. 

The fairly high proportion of early cases at Mt. McGregor resulted 
from a systematic effort on the part of the Company to search out 
employees with tuberculosis. To this end an annual examination of the 
entire force was instituted eight years ago and has been persistently 
continued each year since to bring above the “clinical horizon’’ cases 
in the early stages of the disease. It may not be out of place to say that 
in the determination of whether or not tuberculosis in its early stages 
actually existed in these patients every diagnostic facility was brought 
to bear upon the case, and it was only after prolonged and thorough 
study that the final diagnosis was made. Furthermore, there has never 
been any incentive to make a diagnosis of tuberculosis in order that ‘a 
patient might be permitted to remain in the Sanatorium, because from 
the very beginning nontuberculous patients have also been afforded treat- 
ment and the duty of the physicians was to make a diagnosis as accu- 
rately as possible whatever it might prove to be. Obviously, at the be- 
ginning, when the Sanatorium had just opened, it was inevitable that a 
large proportion of the cases would be Moderately Advanced and Far 
Advanced, but with the progress of time the proportion of Incipients has 
rapidly increased, and in one year, namely 1920, the latter was as high 


& 
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as 70 per cent. The following table shows year by year since 1914 the 
proportion of the three classes of cases: 

This is a composite result, being the combined experience for the em- 
ployees of both home office and field. It is probably true that the 
examinations in the home office are more effective than in the field, the 
former being concentrated in the hands of a few examiners under the 
direct supervision of those responsible for the health of the force. In 
the field the work is more loosely supervised, as it must be, for it involves 
a large number of physicians of very different training and ability to 
discover early tuberculosis. No group in the field force is under the 
direct and constant supervision of medical officers, as is the entire group 
of employees in the home office. The results of this difference show up 


TABLE 1 


Number and per cent of admissions, 1914-1921, according to condition on admission 


MODERATELY 
TOTAL INCIPIENT ADVANCED FAR ADVANCED 


Number Per cent Number | Percent | Number | Percent | Number | Percent 


All years 1319 100.0 56.0 493 37.3 


1914 127 100.0 28.3 73 57.5 
1915 157 100.0 43.3 82 52.2 
1916 223 100.0 53.8 94 42.2 
1917 218 100.0 66.5 68 31.2 
1918 145 100.0 76 52.4 62 42.8 
1919 183 100.0 119 65.0 47 25.7 17 
1920 150 100.0 105 70.0 38 25.3 7 
1921 116 100.0 69 59.5 29 25.0 18 


very interestingly. Thus, in the home office 65 per cent of the admis- 
sions are Incipient as against only 50 per cent in the field. Thirty-two 
per cent of the home office are admitted Moderately Advanced as against 
41 per cent in the field. Only 3 per cent of the home office admissions 
are Far Advanced as compared with 9 per cent from the field. In more 
recent years the experience in the field has been very much improved, 
due largely to the increased interest of the managers in the welfare of 
their own staffs. It is not an uncommon thing for a manager to become 
concerned about the health of some agent or clerk in his employ because 
of a dropping off in his efficiency. Such an employee is then given a 
special physical examination. A number of cases of incipient disease 
have been discovered in this way. The return to various districts of 


88 6.7 
4.5 
4.0 
2.3 
4.8 
9.3 
47 
15.5 
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discharged tuberculous patients and the knowledge of the detection of 
tuberculosis which they impart to the other members of the staff have 
played not a small part in the bringing of early cases of tuberculosis to 
the Sanatorium in increasing numbers during recent years. 

The purpose of the Sanatorium is definitely to rehabilitate the em- 
ployees as completely as possible, and everything in the organization is 
directed toward that end. The patient is advised to remain under treat- 
ment until his condition warrants his return to work. The seriously 
advanced or progressive case is welcome to remain in the Sanatorium 
if he or she chooses. The result of this policy is a somewhat longer 
average period of stay than is usually found in sanatorium practice. 
During the entire history of the Sanatorium the average duration of 
stay for tuberculous patients has been for Incipient cases, 7 months, 
1 day;for Moderately Advanced,12 months, 18 days; and for Far Advanced, 
14 months, 10 days. The average duration of care for the group as a 
whole, irrespective of condition on admission, was 9 months and 29 
days. These figures, of course, seriously affect the character of the 
results achieved, as pointed out later. 

We should point out also what we consider a favorable feature of the 
Sanatorium service, namely, the ability of the Company to place the 
discharged patient immediately at work. His position is in a sense 
prepared for him before he leaves the Sanatorium, and in nearly all 
instances the interval between discharge and resumption of work does not 
exceed one week. In a very real sense the work to which the patient is 
discharged is a part of the tuberculosis therapy which the Company pro- 
vides. It must not be assumed, however, that patients are discharged to 
work in anything but a real sense of the word. While it is occasionally 
true that selected patients will be located in certain more favorable areas 
and work, the great majority go back to their usual home environment 
and the same type of work from which they came. In the home office, 
employees are usually returned to their original division, and the only 
change in their regimen is a more frequent examination and the receipt 
of supplementary diets where there is an indication of loss of weight or of 
underweight. Apparently the important thing is not so much the 
necessity for finding special work for them as the fact that there is work 
for them to do which they are capable of doing. There is not that inter- 
mediate period of finding work for which he is fitted which usually har- 


asses the tuberculosis patient. 
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In proceeding to consider the results obtained with these patients, 
we shall first review the condition of the patients at time of discharge, 
and later see how well these patients stand up after discharge. 

Taking the group as a whole, irrespective of the condition on admis- 
sion, we find that, of the 1018 cases under review, 632 or 62 per cent were 
discharged apparently arrested or quiescent; 229 or 23 per cent improved; 
92 or 9 per cent as unimproved or progressive; and 65 or 6 per cent as 
dead. This may be compared with the Trudeau group which showed 
apparently arrested or quiescent 68 per cent, improved 15 per cent, 
unimproved or progressive 16 per cent, and 1 per cent as dead; with the 
Loomis Sanatorium group which showed apparently arrested or quies- 
cent 42 per cent, improved 28 per cent, unimproved or progressive 22 
per cent, and 8 per cent as dead; and with the King Edward VII Sana- 
torium group which showed 63 per cent apparently arrested or quiescent, 
19 per cent improved, 17 per cent unimproved or progressive, and none 
dead. 

Too much emphasis must not be placed upon these differences. It is 
possible that they reflect the different uses of the terms designating the 
condition on discharge as well as the different practices of the institutions 
in discharging patients prior to death. It is well known that certain 
institutions prefer to discharge patients that are getting worse or who 
are becoming moribund. Others encourage such patients to remain 
in the Sanatorium. Such divergence of practice will, of course, affect 
the several proportions materially. Taking all the facts together, the 
above figures can with fairness be interpreted to indicate that the im- 
mediate results of the several institutions named above were not very 
different. 

Interest is increased when we relate the results achieved through sana- 
torium care to the condition of the patients on admission. Thus if we 
consider the Incipient cases alone, we find that 81 per cent were dis- 
charged as apparently arrested or quiescent as compared with only 42 
per cent of the Moderately Advanced cases and only about 3 per cent of 
the Far Advanced cases. Of the Incipient cases on admission, close to 
15 per cent were discharged improved; while over 36 per cent of the 
Moderately Advanced and 13 per cent of the Far Advanced cases were so 
discharged. Conversely, the proportion of patients discharged by 
death from the Sanatorium varies directly with their condition on ad- 
mission. Thus there died within the Sanatorium 1 per cent of the Jn- 
ctpient, 9 per cent of the Moderately Advanced and 42 per cent of 
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TABLE 2 
Number and per cent discharged in various conditions, 1914-1920, according to condition on 
admission 


APPARENTLY UNIMPROVED 


TOTAL CASES | ARRESTED OR 
QUIESCENT 


IMPROVED 
PROGRESSIVE 


CONDITION ON ADMISSION 


Incipient 
Moderately advanced 
Far advanced 


Num-| Per | Num- 
ber | cent | ber 


1018 |100.0) 632 
592 |100.0) 478 
366 |100.0} 152 
60 |100.0; 2 


Num-| Per | Num-| Per 
ber | cent ber | cent 


229 | 22.5) 92 
88 | 14.9 19 
133 | 36.4) 48 
8 | 13.3] 25 


TABLE 3 
Comparison of resulis achieved on discharge according to condition on admission at four sanaioria 


CONDITION ON DISCHARGE 


TRUDEAU 


LOOMIS 


KING EDWARD MT, MCGREGOR 


Num- Per 
ber cent 


Num- Per Num- Per Num- | Per 


ber cent 


ber cent ber cent 


Total 


Total number of cases 
Quiescent 
Improved 
Unimproved.......... 


1892 |100.0 
1285 | 67.9 
287 | 15.2 
307 | 16.2 
0.7 


1192 |100.0 | 1 
496 | 41.6 | 1 
335 | 28.1 
258 | 21.7 
103 | 8.6 


707 |100.0 
080 | 63.3 
330 | 19.3 
297 | 17.4 

0 0 


1. Incipient on admission 


Total number of cases 
Quiescent 
Improved 
Unimproved 


100.0 


153 |100.0 

114 | 74.5 

32 | 20.9 
7| 4.6 
0 0 


460 |100.0 
427 | 92.8 
16 | 3.5 
17} 3.7 
0 0 


2. Moderately advanced on admission 


Total number of cases 
Quiescent 
Improved 
Unimproved 


471 |100 0 
257 | 54.5 
112 | 23.8 
80 | 17.0 
22 | 4.7 


3. Far advanced on admission 


Total number of cases 
Quiescent 
Improved 
Unimproved 


100.0 


568 |100.0 
125 | 22.0 
191 | 33.6 
171 | 30.1 

81 | 14.3 


DEAD 
4 
cent ber | cent 
i 41.5 13.1} 33] 9.0 
41.7| 25 |41.7 
1018 |100.0 
ae: 632 | 62.1 
229 | 22.5 
921 9.0 
| 
592 |100.0 
478 | 80.7 
88 | 14.9 
19| 3.2 
|100.0 848 [100.0 | 366 |100.0 
555 | 65.4 | 152 | 41.5 
160 | 18.9| 133 | 36.4 
92124469 133 15.7] 48] 13.1 
399 1100.0 | 60 |100.0 
i 98| 24.6] 2] 3.3 
147 | 36.8| 25 | 41.7 
| o | 25] 41.7 
: 
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the Far Advanced cases. Such is the significance of the condition on 
admission in determining the results that are likely to be obtained. 

Table 2 shows in detail the condition of the patients on discharge in 
relation to their condition on admission. 

We may now compare some of the results with those attained in other 
sanatoria. To avoid repetition, we have constructed table 3 which 
compares the results at Trudeau for a period from 1911 to 1920, at 
Loomis from 1916 to 1920, and at King Edward VII Sanatorium from 
1907 to 1914, with those for Mt. McGregor from 1914 to 1920. 

It will be a very interesting thing to see whether these proportions at 
Mt. McGregor have changed materially with the advancing years; whether, 


TABLE 4 
Comparisons of results of treatment from 1914 to 1917 and from 1918 to 1920 


APPARENTLY UNIMPROVED 
TOTAL CASES | ARRESTED OR IMPROVED OR 

QUIESCENT PROGRESSIVE 
CONDITION ON ADMISSION 


Num-| Per | Num-| Per - Num-| Per 
ber | cent | ber | cent | b ber | cent 


. 1914-1917 


310 | 60.4 
Incipient 208 | 77.3 
Moderately advanced .0} 101 | 47.2 
Far advanced 


. 1918-1920 


505 |100.0| 322 | 63.8 34] 38 
Incipient 323 |100.0| 270 | 83.6 ‘ 8| 2.44 2 
Moderately advanced 152 |100.0, 51 | 33.6 : 14} 9.2} 23 
Far advanced 30 |100.0) 1) 3.3 .3} 12 | 40.0} 13 


for example, the degree of success as measured by condition on discharge 
is higher for later years than for earlier ones. Combining the experience 
of the first four years, 1914 to 1917, and contrasting them with the three 
years, 1918 to 1920, we present table 4, showing how the two classes 
compare as to condition on discharge in the two periods. 

The sizes of groups for comparison are about the same, namely, 513 
for the period 1914-1917 and 505 for 1918-1920. The percentage of 
Incipient cases that became arrested or quiescent from 1914 to 1917 was 
77 and from 1918 to 1920 it was 83. The percentage of Moderately 
Advanced cases that became quiescent in the earlier period was 47, and in 
later period 33, while the Far Advanced cases becoming quiescent were 


ber | cent 
T 11S. | 25.0) 
45 | 16.7} 11 4.1 5 1.9 
69 | 32.2} 34] 15.9) 4.7 
4] 13.3} 13 | 43.4) 12 | 40.0 
0.7 
45.1 
43.4 


714 H. J. HOWK, L. I. DUBLIN AND I. A. KNUDSEN 


3 per cent in both periods. We see then that there is practically no dif- 
ference in the immediate results of treatment in the two periods under 
observation. The differences we have noted may be due as much to the 
differences in the use of terms and to the chance differences due to small 
numbers as to the actual differences in results achieved. Indeed, there 
was no essential change in the method of treatment or other known con- 
dition in the later period which should cause any great difference in the 
result. The routine had already been well established from the very 
beginning; no specific treatment has come in to improve the results. 
It is, therefore, understandable why there has been virtually no improve- 
ment with advance of time. 

The measure of success of an institution lies not only in its ability to 
effect the arrest or quiescence of its cases. It lies also in its ability to 
keep those arrested well and at work. To determine this factor it has 
been necessary to follow up the graduates of the Sanatorium and keep 
in close touch with them. The procedure has been as follows: A follow- 
up card has been devised (see figure 1, San Form 54). This card is sent 
annually directly to all patients out of the Company’s service with a 
cordial note requesting that it be filled out in detail. The ex-patient is 
invited to give as full an account of himself as he will. All ex-patients 
who are still in the Company’s service have the benefit of annual exami- 
nations or those made at more frequent periods, and for this examination 
a medical card has been devised, a specimen of which is shown (fig. 2, 
San Form 54-A). This card, together with the patient’s card above 
mentioned, is sent from the Sanatorium through the home office at the 
time of the ex-patient’s annual examination. The entire record is 
transcribed on San Form 54-B (fig. 3). All ex-patients still in the 
service of the Company thus receive the benefits of a detailed and annual 
physical examination from which we receive a comprehensive report. 
In these cases we also know fully about the ex-patient’s working capac- 
ity. From the ex-patients still in the Company’s service the replies 
received total 100 per cent. From those who have left the service the 
replies total 94 per cent, and we expect that some of the still missing 
cases will ultimately come to our hand; and we here desire to acknowledge 
our obligation to Dr. C. L. Christiernin for his active aid in tracing and 
securing valued information from our ex-patients. 

At first glance one would say that our problem is simplified because 
all the patients are the employees of one company. Indeed this would 
be true if all of the employees discharged from the Sanatorium continued 
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in the service of the Company after discharge. It would be a relatively 
easy matter to keep track of them. But in spite of the favorable charac- 
ter of the occupation and its conduciveness to the maintenance of health 
many, for various reasons, see fit to leave the Company and in that way 
may fall out of touch with it. During the war period especially there 
was a very heavy turnover of employees, attracted most likely by the 
abnormally high wages which were paid in some industries. The results 
of the follow-up are encouraging in the possibility which they show for 
keeping patients under observation after discharge, even over a certain 
number of years. It is pertinent at this point to say that it has never 
been the desire of the Company to rid itself of employees because of 
physical unfitness. Where this type of incapacity continues it has been 


TABLE 5 


Status of ex-patients on December 31, 1921, according to condition on admission 


| MODERATELY 


| N 
TOTAL INCIPIENT ADVANCED FAR ADVANCED 


STATUS ON DECEMBER 31, 1921 


Num- Per Num- Per Num- Per Num- Per 
ber cent ber ber cent ber cent 


953 {100.0 | 585 333 {100.0 | 35 |100.0 
719 | 75.4 | 491 221 | 66.4 20.0 


Unable to work: 
Readmitted and still at 
67 35 
87 ? 49 
57 16 


the common experience that the employees have remained attached to 
the Company in some way, usually as beneficiaries of disability insurance 
or retired on an allowance. Of the 152 deaths from among those treated 
at the Sanatorium 119 have died in the Company’s service and 33 out 
of the Company’s service. 

With such limitations as are inherent in any follow-up system we are 
able at this time to make the tentative report of the status of the patients 
on December 31, 1921, as exhibited in table 5. 

Significant as the table 5 is, and encouraging in its showing, it is 
marred by the existence of 57 cases of ex-patients who have left the ser- 
vice of the Company and who were not traceable after every effort. 
Of this number, 14 were in touch with the Sanatorium as late as 1920. 
That they are not, to any appreciable extent, patients who have died 
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| 
3.6 0 0 
10.5 7 20.0 
14.7] 20 | 57.1 
4.8 1 2.9 
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and are untraceable on that account is indicated by the fact that out of 
a previous lot who were not traced at an earlier date only one death was 
discovered in a total of 100 cases of this character. As a matter of fact 
on admission 40 of the 57 were Incipient, 16 were Moderately Advanced 
and one was a Far Advanced case. It would, therefore, seem very reason- 
able to suppose that the follow-up of these people was better, if any- 
thing, than that of the group as a whole. These patients belong to the 
group of dissatisfied persons, who, for some reason known only to them- 
selves, do not wish to keep in close touch with the Company. 


SUMMARY 


The main results may, therefore, be summarized as follows: Out of 
the 896 patients who were discharged from the beginning up to December 
31, 1920, and on whom a report was available as of December 31, 1921, 
719 or 80 per cent were known to be at work, 90 or 10 per cent were 
unable to work, and 87 or 10 per cent were dead. 

As might be expected, these figures will vary directly with the con- 
dition of the patients on admission. Of the 585 Incipient cases, of 
whom 545 were traced, 491 or 90 per cent were at work on December 
31, 1921, only 18 or 3 per cent were dead and 36 or 7 per cent were unable 
to work. Of the 333 Moderately Advanced cases on admission, of whom 
317 were traceable, 221 or 70 per cent were still at work and 49 or 15 
per cent were dead. Finally, of the 35 Far Advanced cases, 34 were 
traceable, and of this number only 7 or 20 per cent were at work, and a 
total of 20 or 60 per cent were dead. The ability to keep at work after 
discharge varies directly with the condition of the patients on admission. 

It is at this time impossible, in view of the limited duration of this 
experience, to compare the results of ability to stay alive and at work 
of these patients with those of other sanatoria. It will be our purpose in 
the future to make such comparisons, but even at the present time it 
would appear from the figures that the results achieved are entirely 
consistent with thé expectation that our patients will maintain as high 
a rate of capacity to stay at work as that achieved by the best sanatoria. 

At this time it is also possible to make a rather rough comparison of 
the actual mortality which has occurred among these ex-patients with 
that expected from them with due regard to their age. Among the 585 
Incipient cases, for example, there were 18 deaths. In the aggregate 
they lived a total of 1868 years during this period of observation. At the 
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rate of 5 per 1000 deaths, which prevails among the staff of the em- 
ployees of the Metropolitan, there would have been about 9 expected 
deaths. In other words, even this very best group shows a mortality 
twice as high as the expected. This is in entire agreement with the 
work of King. 

We intend at a subsequent time to supplement these studies with com- 
parisons not only between the actual and expected mortality of our 
patients but also of the effects on the prognosis of certain other inter- 
esting factors, such as the presence of tubercle bacilli in the sputum, the 
age of the patients on admission, the stock from which they have de- 
scended and the character of occupations pursued by those who leave 
the Company’s service. 
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Metropolitan Life Insurance Company Sanatorium—Patient's Post-Sanatorium History 
Present address 


Name of patient 


Present occupation Change of occupation or of residence contemplated. Please specify 


EaRnincs W&EKLY: ‘lug Assent FROM Work Duginc Past Yaar: 
—— coming to | Present Vacation Illness Other cause 
jatorium 


Present weight 


Specity tlmesses you bave bad during past year. Give dutes and specily wnetaer medical attendance was required 


Haves You Hap Any or THe Fottowinc Symptoms Durinc Past Year? Writs “Yes” orn “No” Unper Eaca Irem 
Pain in chest | Night sweats | Hemorrhage | Shortness of breath Elevation of temperature 


Coucn: Expectora- 
How long ticn 


What was highest | How long did Cause Have you had Result 
temperature ? it last? your spate 
xamined? 


Are you as well as when you left the 


Has auy case of tuber-| Please specify Do you sleep Please specify sleeping 
arrangements Sanatorium? 


culosis arisen in your] out of doors? 
immediate family? 


Have you taken part in educational work for the prevention of tuverculusis? Give details of service rendered on reverse side of card 


Has your Sanatorium experience belped you in your work? How? 


Have you improved your own living conditions as a reswt of your experience at Mount McGregor? How? 


Name of your pt.ysician Tlis address: 


Commeat on prsent state of health or on results of Sanatorium treatmeut: 


Fic 1. Fottow-Up Carp 


Front and back views 


le Hours of work 
per day | 
i 
4 
ae 


AFTER-HISTORY OF SANATORIUM PATIENTS 


Metropolitan Life Insurance Company Sanatorium—Physician’s Statement of Post-Sanatorium History 52°" saa 
Name of patient | Address 


Present i Date disch d CLASSIFICATION ON DISCHARGE Complicat.ons 
From San. Turban stage | Condition 


Please give history of non-tuberculous disease during past year. 


Piease give history of pulmonary signs and symptoms during past year. (On reverse side, give your findings upon examination of 


patient) 


Durino Past Year, Has Parizent’s C 
Remained | 


Do you recommend change in patient's occupation or residence? 


In Casz ov Dzatu ov Patient, Give: 
Determining cause of death: 


Date of patient's death 


(Over) 


Upon examination of patient, what were your Gindings, Please enter below the findings from your diagram: 


Slight dullness P Prolonged expiration © Crepitant rales wer Friction 
YK Mo-erate dullness BV. Broncho-vesicular breathing © © Large moist rales  Ralesondecp breathing 
Flatnces BB. Bronebia! breathing © O Gurls C after coughing oaly 


Voc. Rea, Inereased AB. Absent breathing Sonorous rales Cavity 
VR Vo, Res, Diminished Clicks 


Fic. 2. Mrepicat Carp 


Front and back views 
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Metropolitan Life Jasurance Company of Post-Sanatorium History son 


Date Discharged | Name A, 
se | Sex Occupation 
| | | Fer’ | pation Before Ada. 
Loud.t.on ON DiscHAxGE] Comp. Da; 
Dan. 
Adm. Turpan Stage | Condition on Adm. 
Date of recur: Preset occupation Hours per Earaings Da ~ Gain 
x ys lust— | Preszut 
1 day | week illaess weight 
Summary of pulmonary findings and medical history Sputum indirate, come 
section Oa card. 
(Over.) 
Date of record | Preseut occupauoo Hours 
Ear: D 
| | per | nings Days lost — 
Summary of pulmonary findiags and medical history Present condition Sputum It reg ne peer and com- 
jete last section oa card. 
Date of record | Preseut occupation Hou. 
“sper | tarnings per} Days lost— | Preseat Gai 
} 
Summary of pulmonary findings and medical history | Present coudition Sputum If died, so indicate, and c:an- 
lete last section on card. 
Over.) 
Date of record | Freseat occupation Hours per Earnings per} Days lost— | Present Gain or loss 
4 day week illness weight | 
Summary of pulmonary findings and medical history | Present condition Sputum os diet, soindicste, and com- 
section on card 
over. ) 
Date of record | Present occupation Hours per — per| Days lost— hie Gain or loss 
5 day illness | weig’ 
Summary of pulmonary findings and medical history | Present condition | Sputum | it died, 2° indicate, and com- 
plete last se 
(Over.) 


Date of record | Present occupation Hours per Earnings per} Days lost— | Present Gain or loss 
day week illness. weight 
6 Summary of pulmonary findings and medical history Present condition Sputum Bud come 
Bec 


Date oi record | Present occupation Hours per Larnings per} Days lost— ey Gain or loss 
| day week | iliness weigh: | 


section om 


Present condition Sputum If died, so indicate, and com- 
| plete last ard. 


Hours per Karniags per] Days lost— | Present or loss 
day week illness weight 


Date of record | Present occupation 


8 Summary of pulmonary findings and medical history Present condition Sputum | 
. Date of record | Present occupation Hours pw Earnings per} Days lost— | Present Gain or loss 
= | week | illness | | 


Present con tition Sputum and com- 


card. 


9 Summary of pulmonary findings and medical history 


Date of record | Present occupation ours per pa per res lost— | Preseut Gaia or loss 
weigat 

If died, 99 indivate, and com- 

plete last section on card. 


1 Summary of pulmonary findings and medical history inept Spetum 


If death has occurred, give following informatiog, 
Date of death: Cause or 


Secondary: 


Duration: ........-. years........ months..... day? syears........months. «.......- davs, 


Fic. 3. Post-SANATORIUM RECORD CARD 
Front and back views 


45 Mm 
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CONTROLLING FACTORS IN PHOTOTHERAPY! 


EDGAR MAYER 
Saranac Lake, New York 


This presentation is not intended to be an argument for or against 
light therapy, but rather a plea for the establishment of standardiza- 
tion of methods of application and of the correlation of the results of 
various workers. Our judgment of the value of light irradiations de- 
pends greatly upon such standards. With the present lack of detailed 
reports and proper criteria of observation, evaluation is difficult. 

The value of sunlight, at least for tuberculosis of the bones, joints 
and lymph nodes, has been established by the results of Rollier abroad 
and of the workers at Perrysburg in America. The value of the car- 
bon arc lights has similarly been shown by the workers of the Finsen 
Institute, more particularly by Reyn and Ernst. The benefits of the 
mercury quartz light have also been demonstrated at least for super- 
ficial tuberculosis (Jesionek). All this favorable opinion is clearly 
sounder than that of mere impression. Recent results, experimentally 
seen in the prevention and treatment of rickets in rats and infants 
(Huldschinsky, Shipley, McCollum, Hess), convince us of some direct 
metabolic change manifestly due to natural and artificial light radiations. 
The specific or particular réle that each type of light application plays 
and the special forms of disease that are especially adapted to these 
will be the aims of future investigators in this field. The mechanism of 
light action is not established, although the theories offered have been 
as numerous and uncertain as the diseases themselves for which light 
has been advocated. 

It is important for us to recognize at the start that, in dealing with 
artificial sources of light, we are employing spectra very different from 
that of sunlight and, therefore, such a term as artificial sunlight is 
confusing and had better be discarded. Likewise, indications for 
therapy with sunlight and with artificial sources of light may differ, 
and it seems wiser not to attempt comparisons between two such dif- 


1 Read before the clinical section at the eighteenth annual meeting of the National Tuber- 
culosis Association, Washington, D. C., May 6, 1922. 
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ferent sources, but rather to attempt to learn more about the indica- 
tions for each. The presence of short ultraviolet rays in the mercury 
quartz spectrum and the almost complete absence of red rays offer us 
conditions affecting tissues in a particular way. These differ from the 
conditions present when employing sunlight, and the short ultraviolet 
rays may prove most important for healing certain types of disease, 
especially those which are superficial and readily accessible. Again, 
the spectrum of the carbon arc, although resembling that of sunlight 
in its visible portion, differs greatly in the invisible end. Eventually, 
we may learn that the indications for light irradiations may differ for 
the various sources, just as to-day we are approaching better standards 
for exact indications for radium and X-rays. 

The aim of the writer is, accordingly, to suggest a working technique 
for the more efficient application of light, which will also offer us a basis 
for recording and correlating our results. When irradiation is employed, 
exact conditions should first be classified. These may be tabulated 
somewhat as follows: 


A. Patient: 
1. Age: Children and adults react differently. 


2. Skin: Color, whether blonde or brunette, etc. Texture, may 
vary in recent or old illness. Body hair, its presence or absence. 

3. Type and stage of disease. 

4. Type of tissue: Skin and mucous membranes, etc., differ. 

5. Pigment: Presence or absence. 

6. Time of illness at which exposures are initiated. 

7. Whether previous treatment without light failed, etc. (This will 
control results better.) 

B. Source of Light: 

. Intensity: Chemical and heat (determined by various means). 
. Efficiency of apparatus: How many hours used. 

. Current. 

. Type of reflector. 

. Distance from patient. 

. Period of exposure. 

. Number and frequency of exposures. 

A fairly simple and rather efficient means of measuring the intensity 
of chemical or actinic radiation (violet, ultraviolet, etc.) is that of Ber- 
ing and Meyer, which we have modified merely as to strength of solu- 
tions. This method, although not exact, can be employed for compara- 
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tive estimations. Stock solutions are made up as follows: (1) potassium 
iodide, 25 gm., and distilled water, 1000 cc.; (2) concentrated sulphuric 
acid, 53 cc., and distilled water, 1000 cc. These should be kept separ- 
ately in dark bottles. The indicator is 0.2 per cent solution of water- 
soluble starch, and the titrating solution n/400 sodium thiosulphate. 
About 7 cc. of solutions (1) and (2) are mixed and then irradiated. 
Two cubic centimetres of starch solution are next added and a blue 
color appears. Sodium thiosulphate is then added by titration until 
the end point of discoloration appears. By this means we can compare 
the intensities and efficiency of the lamps, and reports can be correlated. 
However, it is necessary to realize (as we have found) that the intensity 
of any burner is not constant, that is, it will vary greatly during even 
a two-hour burning. Thus, at ten minutes it may reach a temporary 
maximum which will rise at a half-hour and then may hold at three- 
quarters of an hour and drop at one hour, and then may rise at two 
hours. In other words, the intensity is unstable and we must take 
this into account when making tests. The temperature surrounding 
the burner as well as the temporary voltage fluctuatations vary the 
intensity. Our comparisons were more accurate when we.stopped be- 
tween tests and then again started the lighting. 

What is the proper dosage for a local or general radiation? A consid- 
eration of determining factors seems worth while. For equally photo- 
sensitive silver chloride papers, the effect (the amount of darkening) 
is proportionate, within certain limits, to the product of the intensity of 
radiation and the period of exposure. Although the law does not apply 
accurately for the effect upon the body tissues, yet, according to many 
experiments made both in photochemistry and photobiology, it can be 
considered as holding for the greater part. If it is probable that fluores- 
cence is an important factor, then we should prefer a more intense source 
of radiation applied to the whole body surface anteriorly and posteriorly, 
and we should desire this intensity to be as uniform as possible, wherever 
it strikes the skin. However, it seems impossible at present to predict 
that an increased absorption will be accompanied by increased physio- 
logical effect, since we do not yet understand how radiant energy is 
changed to physiological action. It is even true that rickets in infants 
has been overcome by solar exposures made only to the extremities 
and that prolonged intense irradiations were not essential. The effect 


was a systemic one. 
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The most desirable duration of exposure is still a matter of experi- 
ment. Huldschinsky and others obtained good results in the treatment 
of rickets in children with frequent twenty-minute exposures (universal 
radiations). The results were clearly shown by X-ray, as calcium was 
deposited in the epiphyses. In tuberculosis, as well as in rickets, deposi- 
tion of calcium is most important. The question of the possibility of 
overdosage with general irradiations for tuberculosis may be an impor- 
tant one, but fortunately, in contrast to X-ray radiation, the dangers 
from such exposures seem to be few. There are, however, some patients 
who do develop symptoms of hypersensitiveness to these rays. Hess 
found experimentally with rats that too short exposures did not protect 
against rickets, and that a minimal dose of light which was protective 
for white animals against rickets proved powerless when applied to 
black rats. Similarly, the rate of growth of an animal determined the 
amount of radiation requisite for protection against rickets, the rapidly 
growing animal showing more need for the active light rays. Over- 
dosage, as evidenced by destruction of a previously produced pigment or 
by marked cutaneous exfoliation, may also act as our guide. 

Longer intervals (two days or more) between exposures may be war- 
ranted, as well as periods between courses of exposures to allow for 
depigmentation. It is not yet satisfactorily decided whether an ery- 
thema or a permanent pigment is more beneficial, although it appears 
that the latter is to be preferred. Some patients, after pigment has 
developed, may become even refractory to the benefits derived from 
irradiation. However, all this is mere speculation at present and must 
yet rest upon individual impressions. 

Certain kinds of tissue are particularly responsive to short wave 
irradiations; for example, cartilage in the process of ossification, immature 
and rapidly dividing cells, regenerating wounds, tumor cells, sex cells, 
and splenic and other lymphatic tissues. This is observed in the re- 
sponse of hair follicles to ultraviolet radiation and in the marked lym- 
phocytic changes or rapid destruction of sex cells by X-ray radiation. 
Even certain parts of cells may be more sensitive to radiation than 
other parts,—thus the nucleus more than the cytoplasin. 

Small doses of radiation are generally stimulating, slightly larger 
doses may stop or delay physiological changes and still larger doses 
will destroy. What these particular doses are for the various tissues 
must yet be learned. With direct radiation of diseased tissues, the 
focal reaction and its period of subsidence are probably our best guides. 
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Here we would aim to employ a dose large enough to destroy the dis- 
eased tissue and yet stimulate a healthy response from normal tissue. 

With these points in mind, the writer attempted to make a study of 
comparative intensities of some sources of radiation under varying con- 
ditions, to learn whether the method described above might be of 
practical value to all of us. According to some of the results seen below, 
the test itself does not appear accurate, but the estimations can be taken 
as rough guides in making comparative observations. Fluctuations 
in the current or in the ability of the mercury quartz burner to take up 
the current are very disconcerting at times and must be taken into con- 
sideration when making estimates. ‘These may account for some of the 
discrepancies. The technique is not difficult, so that such errors can 
hardly be held accountable for the variations. Fiirstenau’s actinometer 
is, according to many writers, not satisfactory. There are some very 
accurate instruments that can be employed, but these are either too 
costly or too difficult for the practitioner to employ. 

To determine exposures for general radiations of the body which 
would allow us to obtain most uniform changes of the entire cutaneous 
surface, tests were made as follows: With the quartz burner placed 
at distances of one, two and three feet, respectively, the exposed solu- 
tions in petri dishes were placed in the following positions: one at a 
point directly at the base of a perpendicular drawn from the middle of 
the burner; others at 6, 12, 18, 24, 30, and 36 inches distant from the 
first. The average of six such tests is recorded. This was further 
controlled by employing four petri dishes, closely approximated, instead 
of one, and these results were also fairly uniform. 


DISTANCE FROM SOLUTION (INTENSITY OF 100 PER CENT) 
INCHES FROM MIDDLE 
OF BURNER 


1 foot 2 feet 3 feet 


0 12.1 

6 9.7 
12 
18 
24 
30 
36 


NN WEP 
CORD DOW’ 


These figures differ somewhat from the inverse square law of intensity 
variations, but the difference may be in part accounted for by the in- 


2.1 
1.7 
1.6 
1.4 
1.0 
0.8 
| 0.5 
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stability of the current which the burner takes up from time to time. 
The results indicate an approximately 50 per cent loss at 12 inches 
with lamp one foot distant, and a similar loss at 18 inches with lamp 
two feet distant and at 24 inches with lamp three feet distant. There- 
fore, for uniform skin effects, it would be preferable to employ two radia- 
tions of the body, both anteriorly and posteriorly, each covering 12 to 
18 inches on both sides of the perpendicular drawn from the middle 
of the quartz burner. 

To accomplish this, the following method of exposure can be employed: 
The lamp is centered, first, over the lower part of the thorax (contra- 
indications to direct chest exposures are questionable) and secondly, 
over the lower half of the thigh, and the same procedure is repeated 
posteriorly. Furthermore, since reflex or deep direct action is possible, 
an additional direct exposure seems indicated over the focus of disease, 
especially in abdominal conditions. If superficial tuberculosis is 
present, this receives an added local irradiation. Thus far empirical 
dosage is employed. 

The writer begins with a new lamp of low intensity, the burner placed 
at a distance of three feet from the body and an exposure of three 
minutes to four parts. Following this, irradiations are given every day, 
increasing the exposure one or two minutes for every part until twenty 
minutes are reached (total, eighty minutes), when the second intensity 
is employed, if the lamp is one of alternating current type, beginning 
then with a sixteen minute exposure. With alternating current, the 
high intensity is about 20 per cent greater than the low; on direct cur- 
rent there is 100 per cent difference. If the lamp is of direct current, 
patients begin again with a ten minute exposure. When twenty minute 
radiations are again reached, the lamp is gradually lowered (one-half 
inch every second day), until the burner is at a distance of one foot 
from the skin. (The law that the change in intensity varies inversely 
as the square of the distance is supported fairly accurately by the above 
figures.) If severe burns occur (more likely in blondes than brunettes) 
the exposures are temporarily discontinued, this period depending 
upon the reaction. With older burners longer exposures may be neces- 
sary. It is hoped that in the future we may be able to employ 
irradiations upon a more scientific basis, but for the present dosage 
seems to rest upon individual experience. Eventually we may learn 
that minute doses are more desirable in certain cases, but it seems im- 
possible to decide this now. 
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Further comparative tests gave us some interesting estimations in 
regard to some of the physical characteristics of the radiations. Sun- 
light at noon in Saranac Lake on a March day revealed with this test 
about the same intensity of actinic radiation (as determined by the 
liberation of free iodine) as a mercury quartz lamp of about 300 hours 
usage, burned at a distance of one foot. A cloudy day under similar 
conditions revealed only about 25 per cent of this intensity. Compari- 
sons between the tungsten anode burner (Cooper-Hewitt and Burdick 
burners) and the mercury anode type (Hanovia burner) showed little 
difference in intensity. The carbon arc lamp with a parabolic reflector 
showed with this test from 25 to 40 per cent of the chemical intensity 
of the mercury quartz burner. Hess found that exposures with the 
carbon arc had to be made twice as prolonged as those with the mercury 
quartz light, in order to prevent rickets in rats, employing minimal 
doses. The ultraviolet radiation from the mercury quartz burner 
reaches its height of intensity only after the burner has become thor- 
oughly heated, which takes from ten to fifteen minutes after starting 
the lamp. According to our results, the intensity increased somewhat 
after fifteen minutes burning, then dropped at one hour and was the 
same at one and a half hours, increasing again at two hours. The bur- 
ner takes a definite current at a definite temperature, and this is easily 
changed by temperature variations of the surrounding air, so that the 
burner may even be chilled by drafts. The mercury arc generates 
ozone, so that ventilation of a room should be provided for, but a draft 
over a burner itself should be avoided. Coblentz has shown that 67 
per cent of the total radiation of wave lengths less than 1.4 » constitute 
ultraviolet rays from a new burner. After a usage of 3500 hours they 
dropped from 67 to 60 per cent. The total radiation after 3500 hours 
equalled 64 per cent of the original total. The shorter ultraviolet rays 
(below 300 uu) are 20 per cent of the total 67 per cent ultraviolet radia- 
tion. The short ultraviolet rays of the mercury quartz spectrum con- 
stitute 6 per cent of the total lamp radiation. The short ultraviolet 
rays of sunlight at sea level constitute less than 5 per cent of the total 
ultraviolets and less than 0.1 per cent of the total solar intensity. The 
total ultraviolet radiation of sunlight makes up about 1 to 2 per cent 
of the intensity of the total solar radiation. We found that white skin, 
about 0.2mm. thick, of a guinea pig allowed almost twice as much actinic 
radiation to penetrate during a fifteen minute exposure as did pigmented 
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skin. Rays from a Neon lamp (red rays) revealed no chemical radia- 
tion by this test during a ten minute exposure. 

In conclusion, it is hoped that means for more accurate dosage and 
technique will be available so that physiological differences in response 
to this form of radiation will be established. With this knowledge, the 
therapeutic value will be enhanced. 


RESULTS OF INTENSITY TESTS WITH METHOD OF BERING AND MEYER 


1. Mercury quartz lamp of 300 hours usage (mercury electrodes): 


DISTANCE 


1 foot 3 feet 


Exposure, minutes..........0.0085 5 10; 15] 5 1 15; 5 10; 15 
3.1 | 11.1) 13.8) 3.3 | 7 2.54 5.9 
6.4 | 11.4) 15.0) 3.5 | 8.4] 8.9) 3.0] 4.6] 6.4 


2. Test made on low current, exposure at 2 feet for 10 minutes, after 
test made on high. Result: 


Low 8.3 cc. Here current increased in strength after long burning. 
High 7.8 cc. 


3. Tests with four solutions exposed at one time (lamp burned fifteen 
minutes before testing): 


Distance: 1 foot 
Exposure minutes: 10 


[118 74cc. 
: 12.1 12.0 7.3 7.1 
High current 12.1 12.2 Low current 14 70 


12.3 7.6 


12.4 


4, To show variation at different periods of burning: 


Distance 1 foot, 5 minutes exposure, low intensity: 


at start | UTES | 30 minutes | 45 MINUTES 1 HOUR 1} HOURS 2 HOURS 


3.6cc.|7.1¢c.| 7.0cc.|6.9 cc. |7.0| 7.2 cc. 17.6] 7.5 cc. |7.2| 7.8cc. |8.1] 6.6 cc. |5.8 


7.1 $17.2 (16.7 |6.9'7.4 17.117.6 |6.918.1 |8.0}6.0 {5.9 
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5. Tungsten anode mercury quartz lamp (100 hours’ usage): 


DISTANCE 


1 foot 2 feet 3 feet 


5 minutes 5 minutes 5 minutes 


a. 


1. 
2. 
2 


The difference between this and the mercury anode burner is very 
slight. 
6. Carbon arc with parabolic metallic reflector: 


DISTANCE 


2 feet 


ca. 


Exposure 5 minutes £.2 


7. Exposure to sunlight in Saranac Lake, at noon in March (snow 
on ground): 


EXPOSURE 


5 minutes 10 minutes 15 minutes 


3.7 10.8 14.0 


8. Skin penetration of actinic radiation from mercury quartz burner: 


Distance 1 foot, for 15 minutes’ exposure: 
Unpigmented skin (0.2 mm. thick) = 0.7 cc. 
Pigmented skin (0.2 mm. thick) = 0.4 cc. 


9. Amount of reflection from a quartz laryngeal mirror backed with 
nickel, attached to a Kromayer lamp: 


Distance, 2 inches. 
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EXPOSURE 


10 minutes 20 minutes 


a. 


0.6 1.4 


10. Neon Light (red rays), ten minute exposure: no actinic effect 
(by this test). 
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SOME FACTORS CONCERNED IN THE DISSEMINATION 
OF TUBERCULOSIS IN EXPERIMENTAL ANIMALS 


SAMUEL R. HAYTHORN 
From the Pathological Laboratories of the University of Pittsburgh, Pitisburgh, Pennsylvania 


In a general way the principles of the spread of tuberculosis in the body 
have been well understood for a long time and the essential routes of 


distribution are common knowledge. Of the finer details, however, 
there still remains much ta he learned Mast invectioatare of the in. 


IMPORTANT CORRECTION 


An unfortunate and regrettable error occurred in the title of the article by Mary E. 
Maver and H. Gideon Wells, which appeared in THE AMERICAN REVIEW OF TUBER- 
cuLosis, October, 1922, vi, 649. As there printed the title reads, “Studies on the Biochem- 
istry and Chemotherapy of Tuberculosis: XXIII. The Chemical Composition of So 
Called Tuberculous Lesions.” The correct title should be, “Studies on the Biochemistry 
and Chemotherapy of Tuberculosis: XXIII. The Chemical Composition of Calcified 
Tuberculous Lesions.” Abstractors and indexers are particularly requested to note the 
correction and to carry all references with the corrected title. 


free bacilli to all parts of the body and to the development of acute 
general miliary tuberculosis; and (4) the direct passage of free tubercle 
bacilli along the lymphatic channels. 

It is not hard to conceive of free tubercle bacilli being swept along 
with the blood through vessels that are constantly decreasing in calibre 
and in a current which is continually becoming slower, until they are 
finally taken up by the endothelial cells which form the capillary walls, 
but it is not so easy to explain how free, nonmotile tubercle bacilli are 
carried along with the fluids in the lymph channels where there is rela- 
tively little current. Yet one finds the spread of tubercles along the 
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EXPOSURE 


10 minutes 20 minutes 30 minutes 


a. ce. 


0.6 1.4 2.4 


10. Neon Light (red rays), ten minute exposure: no actinic effect 
(by this test). 
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SOME FACTORS CONCERNED IN THE DISSEMINATION 
OF TUBERCULOSIS IN EXPERIMENTAL ANIMALS 


SAMUEL R. HAYTHORN 
From the Pathological Laboratories of the University of Pittsburgh, Pitisburgh, Pennsylvania 


In a general way the principles of the spread of tuberculosis in the body 
have been well understood for a long time and the essential routes of 
distribution are common knowledge. Of the finer details, however, 
there still remains much to be learned. Most investigators of the in- 
fection and spread of tuberculosis in the body have concerned them- 
selves chiefly with changes in the immunity and resistance of the animal, 
problems of sensitization, injuries to the tissues, virulence of the strains 
of tubercle bacillus used, size of the infecting doses, and routes of inocu- 
lation. All of these points are highly important ones and it is not in- 
tended to discount them in any sense, but it is hoped that practical 
knowledge of the whole process may be gained by emphasizing some of 
the finer histological changes. . 

The commonly accepted views with reference to the distribution of 
tubercle bacilli in the body include (1) mechanical distribution of the 
bacteria along the intestinal tract with the food, along the respiratory 
passages with the air, and over serous surfaces, as for example, the peri- 
toneum; (2) direct extension into neighboring areas, bringing about 
the formation of adjacent and conglomerate tubercles; (3) spread by 
way of the blood stream, through the rupture of a caseous focus into 
the general circulation (Weigert (38)), thus leading to the distribution of 
free bacilli to all parts of the body and to the development of acute 
general miliary tuberculosis; and (4) the direct passage of free tubercle 
bacilli along the lymphatic channels. 

It is not hard to conceive of free tubercle bacilli being swept along 
with the blood through vessels that are constantly decreasing in calibre 
and in a current which is continually becoming slower, until they are 
finally taken up by the endothelial cells which form the capillary walls, 
but it is not so easy to explain how free, nonmotile tubercle bacilli are 
carried along with the fluids in the lymph channels where there is rela- 
tively little current. Yet one finds the spread of tubercles along the 
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lymph spaces and in the tissue spaces to be the most common means 
of extension in the chronic forms of tuberculosis. In a former paper 
(1917) Haythorn and Lacy (19) discussed briefly the transportation of 
tubercle bacilli from one portion of the body to another within mono- 
nuclear cells. This phase of the question has received relatively little 
attention so far, though Mallory (26) states that tubercle bacilli are 
“slowly distributed by the amoeboid movement of the endothelial 
leucocytes carrying them into and along blood and lymph vessels, and 
epithelial lined spaces,” and that ‘‘occasionally polymorphonuclear 
leucocytes play the part of distributing agents.” Zinsser (39) states 
that the polymorphonuclear leucocytes phagocyte tubercle bacilli and 
sometimes distribute them to the detriment of the host, by carrying 
them into the lymphatics. He attributes the failure of leucocytes to 
destroy the tubercle bacilli which they phagocyte to the absence of 
enzymes necessary to the digestion of tubercle wax. He states that 
when bacilli are deposited in the lymph node (by leucocytes) they are 
surrounded by large mononuclear cells, probably of endothelial origin 
which take them up, and that the further changes in the formation of 
the tubercle have to do with the reaction of these cells. Manwaring and 
Bronfenbrenner (30) and Deycke and Much (8) have suggested that phag- 
ocytosis of tubercle bacilli may shield these organisms from the curative 
action of the body fluids. It was with a view to gaining a more definite 
knowledge of the action of cells in the spread of tuberculosis that the 
studies reported in this paper were undertaken. 

I became interested in the experimental side of this subject in 1912, 
while conducting some experiments on tuberculous infections in guinea 
pigs and rabbits. Acting on the observation that cells seen in the tuber- 
cles of the human lungs contained anthracotic pigment, I injected india 
ink together with suspensions of tubercle bacilli, and was able to follow 
the reactions to these inoculations by means of the cells which marked 
themselves through phagocyting the ink granules. It was apparent 
in these experiments that the cells which commonly phagocyte india 
ink pigment also phagocyted tubercle bacilli and were, at the same time, 
the cells most actively involved in the earlier reactions in tuberculosis 
or, more particularly speaking, in the formation of the miliary tubercle. 
From time to time during the last ten years I have taken up this method 
of cell study, and have applied it in the observation of tuberculous and 
other reactions in animals and have found it very useful in elucidating 
several obscure points. A considerable material has accumulated and 
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in order to present it as coherently as possible, I have grouped together 
the experiments which illustrate the respective points and have followed 
each group of experiments with a discussion of the points made. 


GROUP 1: EXPERIMENTS TO DETERMINE WHAT CELLS PHAGOCYTE PIGMENT 
UNDER VARYING CONDITIONS 


Series 1: Several guinea pigs were injected subcutaneously with 10 
per cent india ink in normal salt solution. The large mononuclear cells 
in the exudate which resulted were found completely filled with particu- 
late pigment granules after twenty-four and forty-eight hours. None 
of the polymorphonuclear leucocytes in the exudate contained more 
than from four to ten granules, while the majority of them took up no 
pigment at all. 

Series 2: Mice, guinea pigs and rabbits were injected with 10 per cent 
india ink in salt solution, the doses varied from 0.5 to 5 cc. and the 
animals were examined at periods varying from one-half hour to twenty- 
four hours. Smears were taken from the abdomen, and sections were 
made from the abdominal wall, the omentum and the viscera. The 
findings were quite constant. Large mononuclear cells were found in 
abundance and, while some of these were free from pigment granules, a 
great many of them contained so much pigment that the nucleus was 
partially obscured. In the sections the large cells of the omentum con- 
tained numerous pigment granules. ‘These cells were either of endothelial 
or mesothelial origin, but none of them were identified as fibroblasts. 
Sections of the abdominal wall failed to show the presence of pigment 
cells. Extracellular pigment was found in the omental folds and free 
in the body cavities. 

Series 3. Suspensions of aleuronat, starch, and broth were made up 
to contain 10 per cent of india ink and were injected into the thoracic 
cavity, the subcutaneous tissue or the muscles of guinea pigs. As in the 
former series, the large mononuclear cells took up the pigment in con- 
siderable quantities while the polymorphonuclear leucocytes took it 
up very sparsely. The polymorphonuclear leucocytes appeared to take 
up the pigment more readily in the aleuronat abscesses than they did 
under ordinary conditions. 

Series 4: Young rabbits and young guinea pigs were given forced 
inhalations with finely ground lamp black. A nozzle was placed in the 
back of the throats of the animals and the powder blown in under pres- 
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sure from an atomizer. This was repeated for several days or weeks and 
then the animals were killed. At autopsy it was found that the lung 
alveoli contained many large cells filled with black pigment and that 
these cells were out of all proportion in numbers to those seen in the 
naturally occurring anthracosis of experimental animals. No polymor- 
phonuclear leucocytes were found in these alveoli. 

Series 5: Several guinea pigs which had been poisoned by the adminis- 
tration of trinitrotoluene, so that they had developed an extremely 
severe anaemia, were given large doses of india ink intraibdominally or 
subcutaneously, to see whether or not pigment cells could be found in the 
blood stream under anaemic conditions. In doing a differential count 
made on the blood of one of the animals which had received an intra- 
peritoneal injection with ink, several large cells of the mononuclear type 
were found which contained ink granules. No cells of this type were 
found in the smears of any of the other animals of this series. 

Summary of findings in Group 1 experiments: Large mononuclear cells 
readily phagocyte india ink and carbon pigment, both under normal and 
pathological conditions, and act as vehicles for the transportation of the 
pigment granules. These cells can be differentiated from other cells quite 
readily, not because they are the only cells which take up the pigment but 
because they take up relatively yreater quantities of granules than the other 
cells do. ‘They may take up this pigment in the tissues and find their 
way into the general circulation under the conditions described for the 
Series 5 experiments. Polymorphonuclear leucocytes phagocyte pig- 
ment in small quantities, taking up only a few granules under ordinary 
conditions, but slightly larger quantities when collected in the form of 
abscesses produced by aleuronat injections. They are probably not 
important carriers of pigment granules. Part of the injected india ink 
remains free in the tissues for some time and some granules are seen 
either within or upon connective tissue cells. No indisputable evidence 
of pigment phagocytosis by fibroblastic cells was observed in the above 
series. 

Discussion: It seems almost certain that the mononuclear cell under 
discussion is the cell called by Mallory (28) “‘the endothelial leucocyte,” 
and identified by McJunkin (33) as the large mononuclear of the blood, 
though he depended upon its faculty as a carbon pigment phagocyte for 
the means of its identification. Sabin (37), in her studies on the origin 
of the blood cells, discusses the relation of the clasmatocyte of Maximow 
to the endothelial leucocyte of Mallory. The proper conception of this 
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cell is so important to this paper and Sabin has summed up the present 
knowledge of this cell in such a masterly way that I quote the following 
paragraph from her article: 


The cell-type was first brought out by Maximow by its specific response to 
injury and then by its reaction to vital neutral red; then the studies of Bouffard, 
Goldmann, Evans and Schulemann and many others have brought out the 
fact of the power of these cells to phagocytize, segregate and store particulate 
matter. Evans then made the final differentiation of the clasmatocyte from 
the fibroblast, while Cunningham has conclusively separated it from the 
serosal cell. The next step came in the doctrine of the origin of blood cells 
from endothelium by Mallory, by Schridde and Schmidt. Then Aschoff and 
Kiyono showed that the monocyte in the blood stream has an identical reaction 
toward particulate matter, that the reaction to neutral red was the same. 
Aschoff, Kiyono, McJunkin and others have shown that the endothelium of the 
adult, both lymphatic and vascular, can in certain specific places give off 
monocytes, and now it has been conclusively proved embryologically that 
the type of the white cell that comes from endothelium is the monocyte, which 
is identical with the clasmatocyte. Both cells have been seen by the writer in 
a living embryonic form to differentiate from endothelium and to become free, 
the monocytes dropping off within the vessels, the clasmatocytes outside; 
but the cells are interchangeable afterwards, for the clasmatocytes have been 
seen to enter the vessels and the monocytes may pass out. The entire group 
has a very characteristic type of motion due to a differentiation of the pe- 
riphery of the cell which keeps the surrounding fluid in motion while the cell 
itself has but a very slow grade of locomotion. 


Some years ago I became satisfied that the cell which takes up pigment 
in the lung alveolus and carries it through lymphatics to the peribronchial 
lymph nodes is not the product of the alveolar epithelium. ‘The evidence 
which I offered to prove this point was chiefly of a negative sort based 
on the study of specially stained sections of human lung. Permar (34), 
(35), (36) and Foot (13), (14), (15) have traced the origin of these cells to 
the capillary endothelium of the lung. Permar used isomine blue intra- 
venously and carmine suspension intratracheally in one series of experi- 
ments, and pyrrhol blue and carmine suspension in another series, and 
was able to follow vitally stained cells into, and out of, the alveoli. Foot, 
by the use of vital stains and india ink pigment, reached similar conclu- 
sions. Gardner (16) has also identified the dust cells of the lung as 
being of endothelial origin, and Karsner and Swanbeck (21) have found 
that particulate matter in the pleura is taken up by endothelial cells 
in situ and is transported in these cells rather than as free pigment. 
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Mallory and Medlar (29) and Blake and Trask (5) have further shown 
that these cells are identical with those characterizing the inflammatory 
reaction of measles. 


GROUP 2: EXPERIMENTS TO DETERMINE THE CELLS ACTIVE IN THE PHAGO- 
CYTOSIS OF TUBERCLE BACILLI AND THE HISTOGENESIS OF 
THE TUBERCLE 


In Group 2 there were included several series of animals which were 
inoculated simultaneously with india ink and suspensions of tubercle 
bacilli, prepared either from bovine or human strains. 

The ink mixtures were made by diluting Higgins’ india ink with normal 
salt solution. Dilutions of 10 and 20 per cent, respectively, were pre- 
pared, placed in test tubes and sterilized. The 10 per cent mixtures were 
used directly for injection. The 20 per cent mixtures were used with 
equal parts of tubercle bacillus suspension or mixed with agar or aleuronat 
preparations so that the final mixture contained 10 per cent of the ink. 
The doses used varied from 0.5 to 5 cc., depending on the animal used 
and the site of the inoculation. 

Tubercle bacillus suspensions were made by taking one small loop 
of bacterial culture either -from glycerine agar, Dorset’s egg medium, 
or Petrofi’s medium, for each cubic centimetre of suspension desired. 
The bacilli were rubbed up in a mortar with plain broth which was added 
drop by drop. The desired quantity of salt solution was then added 
and the suspension placed in a glass stoppered bottle with glass beads 
and shaken in an electric shaker for at least one-half hour. Animals 
inoculated with the ink and tubercle bacillus suspensions received doses 
ranging from 0.5 to 3 cc. and the results were examined by smears and 
by sections. The sections were made from Zenker-fixed tissues and 
were stained routinely by eosin-methylene blue, a modification of :Mal- 
lory’s connective tissue stain, and some one of the carbol-fuchsin methods 
for staining tubercle bacilli. Cultures on Petroff’s medium were made 
of many of the experimental lesions and a number of the lymph nodes 
were used for reinoculation experiments. 

Series 1: An early series of guinea pigs and rabbits (a part of which 
has been previously reported) were injected with india ink and tubercle 
bacillus suspension and were studied after the appearance of gross lesions. 
The materials obtained were used for following the formation of miliary 
tubercles by the marked cells. 
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Series 2: This series included 41 animals, used by Haythorn and Lacy 
in the study of the therapeutic effects of X-ray in experimentally produced 
tubercles, 56 animals discussed by Eckford (10) in the development of a 
method for the early diagnosis of suspected tuberculous material, and a 
series of animals inoculated for diagnosis with suspected tuberculous 
material submitted from hospital patients to which, during the period 
of more than a year, a routine practice of adding india ink was made. 
Eckford’s series of animals were injected both subcutaneously and in- 
traperitoneally with 0.5 cc. of the material and were then given three 
or more massive doses of X-ray on alternate days, beginning with that 
on which the inoculation was made. 

Series 3: A small series of white mice, half-grown guinea pigs and 
rabbits were inoculated with ink and the bacillus suspension to deter- 
mine the earliest response on the part of the tissues to the tuberculous 
infection. Four of the guinea pigs in this series were given intramuscular 
injections of an aleuronat, starch and broth mixture containing india 
ink. On the following day they were inoculated in the same areas with 
the suspension of the tubercle bacilli and were killed at hourly intervals 
after the inoculation. The abscesses which resulted were examined both 
by smears and by the section method. 

Summary of Group 2 experiments: The large mononuclear cells which 
take up pigment phagocyte tubercle bacilli readily and may carry them to 
lymph nodes. They may accumulate locally and form miliary tubercles 
in situ (fig. 1) or they may travel to the lymph nodes and produce a 
tuberculous lesion there (fig. 2). The cells are readily followed because of 
the great number of pigment granules which they contain. Massive 
doses of X-ray apparently cause these cells to disseminate more readily. 
Cells containing tubercle bacilli and pigment granules were found in the 
sternal lymph nodes of 26 animals which had been inoculated in the 
groin. In two of these 26 animals the records contain definite state- 
ments that the tracheobronchial lymph nodes were free from tubercles 
on microscopic examination. 

Discussion of Group 2 experiments: While working in Mallory’s 
Laboratory (1909), I was convinced of the correctness of his teaching 
that the epithelioid cell of the miliary tubercle was of endothelial origin 
and, during some work on the relationship of anthracosis to tuberculosis 
(1913), I was able to show that the same cell which commonly phagocyted 
carbon pigment also took up tubercle bacilli and that the taking up of 
the pigment in no way interfered with the progress of the cell in its active 
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participation in the formation of the histological tubercle. Foot has 
recently gone somewhat further and has traced these cells from their 
origin in capillary endothelium to their presence in fully developed tuber- 
cles of the lung, spleen, liver and omentum. Evans, Bowman and 
Winternitz (11) demonstrated most convincingly that the tubercles of 
the liver which developed in response to intravenous injections of tubercle 
bacilli originated in the Kupffer cells, which are specialized endothelial 
cells. It seems that there is now little doubt that the endothelium gives 
rise to the essential cells which form the tubercle and which have long 
been known as “‘epithelioid cells.” Their action, migration and distri- 
bution can be followed by causing them to phagocyte various kinds of 
pigment, the most useful one of which, I believe, to be india ink. 

It is not the intention of this paper to enter into an elaborate discussion 
of the histogenesis of tuberculous lesions, but certain points need to be 
established before taking up a discussion of the intracellular transporta- 
tion of the infectious material. Mallory (27) points out that when the 
earliest tuberculous lesion appears within vessels the bacilli lodge in the 
lining endothelium and that the early reaction is evidenced by the accu- 
mulation of endothelial leucocytes at the point. Polymorphonuclear 
leucocytes are more rarely attracted. When the lesion is extravascular, 
he states that a mild exudate characterized largely by endothelial leuco- 
cytes is produced. Foot states that the bacilli are not phagocyted to 
any extent in the first eighteen hours but lie surrounded by polymorpho- 
nuclear leucocytes which may occasionally take up one or two bacilli. He 
has observed definite phagocytosis of tubercle bacilli by endothelial cells 
in twenty-seven hours, some cells containing fiveor more bacilli. He states 
that, when tubercle bacilli and india ink pigment are injected, there is at 
first a destructive action upon the tissues due in part to the action of the 
bacilli and their toxins, and in part to mechanical injuries, and that this is 


followed by a reaction on the part of the neighboring tissues whereby poly- 
morphonuclear leucocytes migrate and the endothelium of the smallest 
capillaries swells and proliferates and sends out migratory cells. The poly- 
morphonuclear leucocytes surround the bacilli and form abscesses. The 
mononuclears take up carbon and later tubercle bacilli, increase four or five 
diameters in size and either wander about or become involved in the formation 
of fibrils, or degenerate and die. 


Evans, Bowman and Winternitz described the presence of polymorphonu- 
clear leucocytes in the neighborhood of the early lesions of their experi- 
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mental liver tubercles and stated that the leucocytes rarely phagocyted 
tubercle bacilli although all of the bacilli were found within Kupffer 
cells or mononuclear cells within forty-eight hours. 

In my own work I have not been as successful in following the early 
steps of the process as I had hoped, but I can state definitely that the 
large mononuclear cell is the essential cell in phagocyting both pigment 
and tubercle bacilli in my materials, that polymorphonuclear leucocytes 
assemble at the site of inoculation but do not take an active part in 
phagocytosis, though they may occasionally take up either pigment 
granules or tubercle bacilli and that the lymphocytes, when present at 
all, have not been seen to take part in phagocytosis either of pigment 
or tubercle bacilli. ‘The excess of pigment at this stage is found in the 
surrounding connective tissue as free granules or spread out in lines 
along the connective tissue strands. Mononuclear cells which occur sep- 
arately and are filled with pigment are often found in the neighborhood. 

The earliest characteristic lesions which I have observed have been 
secondary ones in lymph nodes several days after the animal had been 
inoculated and have consisted of collections of round or oval mononu- 
clear cells, arranged compactly in small groups. Most of these cells, 
not all of them, contain carbon granules and many are found to contain 
one or more tubercle bacilli (fig. 6). At this early stage it is the excep- 
tion to find any polymorphonuclear leucocytes in the lesion. After 
caseation begins polymorphonuclear leucocytes appear in great numbers 
in the caseous portions, usually situated near the centre of the group of 
cells (fig. 8). Even then the margins and noncaseous parts of the tubercle 
may appear to be entirely free from them. When caseation occurs, 
mononuclear cells break down and liberate pigment granules and bacilli, 
both of which may then be phagocyted readily by polymorphonuclear 
leucocytes. The increased facility on the part of the leucocytes to phago- 
cyte liberated granules and bacilli was apparent both in stained sections 
which had been made after Konrich’s method (25), and in direct smears 
made from the lesions. The liberated bacilli from these areas are not 
dead, as it has been suggested, or certainly many of them remained alive 
as was evidenced by successful cultures which Lacy and I obtained by 
planting selected particles from the centres of the caseous masses on 
Petroff’s medium, and by reinoculation into other animals. Here, again, 
I wish to emphasize the occurrence of wandering mononuclear cells 
containing pigment and tubercle bacilli which are seen in the tissue 
outside of the lesions. 
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The most importani finding in these experiments was the presence, com- 
paratively early, of cells filled with pigment granules and tubercle bacilli 
in the sternal lymph nodes of animals which had been inoculated in the 
groin. 

This group of nodes is situated along the sternal margins near the 
attachments of the intercostal cartilages and the largest pair of them 
occurs in the upper part of the anterior mediastinum where they are 
attached to the sternum between the cartilages of the first and second 
ribs (fig. 3). In the human being the sterna! nodes are known to drain 
the intercostal muscles, the mammary glands, and the upper part of the 
abdomen. I have found no account of their tributaries in the guinea 
pig. Sections from these nodes were readily recognized because they 
-were left attached to the intercostal cartilages when removed, and the 
cartilaginous pieces appeared attached to them in the sections (fig. 5). 
Postmortem examinations of animals were made at various intervals, 
the earliest one on the eighth day and the last one after eighteen months. 
All stages of tuberculosis were seen in these nodes which were found 
involved several times before any tubercles had appeared in the lungs. 
The sternal nodes always contained pigmented cells while the peribronchial 
nodes contained pigmented cells only in very small numbers, ornotatall. 
Their presence in the latter nodes was probably due to naturally acquired 
anthracosis. In one instance, where bovine strains were used, pig- 
mented cells, some of which also contained bacilli, were seen in the sternal 
nodes on the eighth day (fig. 4). In another animal, where a human 
strain was used, similar cells were found thirteen days after inocu- 
lation. Early tubercles in the process of formation, a process which 
was participated in by the pigmented cells, were observed commonly 
in the animals autopsied after seventeen days. The only source 
of carbon pigment in the animal body sufficient in amount to account 
for this finding was that which had been artificially introduced into the 
inguinal region, and it seems certain that these cells obtained their 
pigment from that source. As this was also the primary focus of tubercle 
bacilli it seems reasonable that they, too, had been carried from the 
groin within these cells. In those animals which came to autopsy after 
seventeen days, tuberculosis of the various organs was commonly seen, 
but with the exception of one liver tubercle later to be discussed, and an 
occasional pigmented cell in the lungs and tracheobronchial nodes due 
apparently to natural anthracosis, there were no pigment-bearing cells 
found in any of the organs. I believe that the infection of the sternal 
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nodes was due to their direct lymphatic connection with the abdominal 
region and did not reach them by way of the blood stream, because they 
constantly contained tubercles associated with pigment cells, while the 
tubercles in those organs which could have been reached only through the 
blood stream, contained no pigment cells. 

As has been stated, the tubercles seen in the organs in general did not 
contain pigment cells, so that the occurrence of a pigmented tubercle 
in a section of liver (fig. 9) from one of the animals, which had been 
inoculated both subcutaneously and intraibdominally seventeen days 
before, was hard to explain. This tubercle was situated just beneath the 
capsule on the under surface of the liver and was made up of mononu- 
clear cells, about two-thirds of which contained abundant pigment 
granules. There was some degeneration of the fixed tissues as well as a 
moderate local proliferation. It was the only tubercle found in any of 
the sections of this liver and, considering its location and the predomi- 
nance of pigment cells, it is probable that it arose by direct extension 
from the peritoneum rather than as a part of a more general distribution 
through either the general or portal circulations. The statement that 
the pigment cells were wandering cells is based on the facts that they 
were the predominant cells in the lesion, that the amount of pigment 
granules in each of such cells was very large, that there were no sources 
of carbon in the liver itself, and that the total quantity of available car- 
bon pigment remained constant after the one injection. Had the tubercle 
in question developed from Kupffer cells alone, no carbon pigment. could 
have been present and, had the number of pigmented cells present 
depended on the multiplication zm siiu of one or two cells, the quantity 
of pigment per cell must soon have become so small through re- 
peated redistribution as to be scarcely distinguishable. J believe that 
the above finding indicates the large part which wandering cells may 
take in the formation of a tubercle. Apparently one or more cells containing 
tubercle bacilli may locate at a given point, stimulate proliferation of the 
local endothelium, for mitoses are not uncommonly seen in early tubercles, 
and attract like cells, not only from sources in the immediate neighbor- 
hood but also from a considerable distance, perhaps from any portion of 
the body containing an aggregation of such cells. 
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GROUP 3: A SERIES OF EXPERIMENTS DESIGNED TO SHOW THE LOCAL 
SPREAD OF TUBERCULOSIS BY MEANS OF INTRACELLULAR 
TRANSPORTATION 


A series of six guinea pigs was inoculated in the groin with the usual 
doses of ink and tubercle bacilli. On the tenth day streaks of agar 
mixed with Higgins’s carmine ink were laid down subcutaneously in the 
same region. The needle of the syringe was passed along under the skin 
for about 3 cm., so that the point of the needle was in the vicinity of the 
tuberculous nodule but did not puncture it. The needle was then 
slowly withdrawn and the agar expelled in the line of exit. The animals 
were examined from the eighth to the fourteenth day. 

Result: A most confusing picture was developed and the agar was 
found surrounded and invaded by masses of large cells containing car- 
mine pigment, bits of agar or black pigment. The mass contained areas 
of caseation necrosis and both free and phagocyted tubercle bacilli, 
but no recognizable histological tubercles were found. About the mass 
there was a great deal of inflammatory exudate, and in some areas well 
developed granulation tissue. These experiments showed the local 
spread of tuberculosis about the foreign body (agar), but did not show 
the way in which the spread had taken place. 


GROUP 4: EXPERIMENTS TO SHOW THAT PIGMENT PHAGOCYTES IN THE 
PERIPHERY OF THE TUBERCLE DO NOT LOSE THEIR IDENTITY 
AS MIGRATORY CELLS 


This series of experments was based on previous findings (17), namely, 
that when pigment-bearing phagocytes remain in an area for some time, 
they become compressed, and in ordinarily stained preparations are 
difficult to differentiate from spindle-shaped connective tissue cells, 
while they may again resume their spheroidal shape and appear to lie 
free in the spaces, when the compressing influence of the surrounding 
connective tissues are removed by the production of an artificial oedema 
in the area. 

A series of 12 rabbits was inoculated in the outer halves of the ears 
with india ink, carmine pigment and tubercle bacilli. Several variations 
were made in the injections. In some instances the pigment and tuber- 
cle bacilli were injected together and allowed to run the usual course. In 
others the inoculated area was surrounded within a few days by injec- 
tions of carmine ink, In one group india ink was laid down in a line, 
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carmine ink injected in the second line running parallel to it and inocula- 
tion with tubercle bacilli made between these lines. In each instance 
both ears of the same rabbit were similarly injected. As soon as the ears 
began to thicken at the site of inoculation, a rabbit was selected, given 
a general anaesthetic and one ear immersed in water at 65°C. for five 
minutes, the other ear being left alone. On the day following, the animal 
was again given a general anaesthetic and the outer halves of both ears 
removed, fixed in Zenker’s fluid, sectioned and stained for comparison 
of results. Animals were examined at varying periods of time from one 
to five weeks. 

Two guinea pigs with well developed nodules in the groin were given 
large doses of hypertonic salt solution, subcutaneously, in the region of 
the nodules. The results were less striking than those found in the 
rabbit ears but the procedure promises an excellent method for studying 
the relations of various cells involved in the exudate. 

Discussion of Group 4 experiments: In the animals first examined the 
tubercles were still too active to throw much light on the effect on these 
pigment cells in the periphery, though the réle of the mononuclear pig- 
ment-bearing cells in the local spread of lesions was shown to a much 
better degree than was brought out by the Group 3 experiments. Insome 
of the later rabbits the tubercles were seen to be walled off by connective 
tissue and the phagocytes filled with pigment were caught in the meshes 
of the tissue and compressed in spindle-shaped forms (fig.10). When they 
were thus caught it was extremely difficult to tell whether the surround- 
ing collagen fibrils belonged to the pigmented cells or to the connective 
tissue cells present in the neighborhood. In the ears in which the artificial 
oedema or serous exudate was produced by the immersion in warm water 
the connective tissue meshes were found to be spread apart and the 
masses of collagen fibrils separated, so that the pigment cells were allowed 
to resume their spheroidal shape and appeared to be free to move about 
through the spaces, just as had been noted in nontuberculous tissues 
(fig. 11). 

The oedema furnishes an extremely interesting way of examining 
separate cells and conglomerations of cells. Numerous compact groups 
made up of several cells appeared to be in the process of forming “ giant 
cells.” These giant cells have sharply demarcated outer walls, but the 
portions separating the various cells composing them have disappeared. 
There are many such multinucleated cells in which the pigment granules 
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have not diffused uniformly throughout the large cell but have remained 
in a characteristic fashion arranged about the respective nuclei. Ap- 
parently the multinucleated cells were being formed by fusion (fig. 12). 

From the above experiments I doubt very much if the wandering pig- 
ment cells ever form fibrils or become transformed into connective tissue 
cells. After these cells are freed by the oedema it seems reasonable to 
suppose that they may pass along and carry their pigment granules to 
other sites. 


GENERAL DISCUSSION OF THE VARIOUS METHODS OF THE DISTRIBUTION 
OF TUBERCULOUS INFECTION IN THE LIGHT OF THE APPLICATION 
OF THE INTRACELLULAR DISTRIBUTION THEORY 


1. The mechanical distribution of tubercle bacilli along the intestinal 
tract with the food is too well known to require comment. In just what 
way the bacilli penetrate into the mucosa is not so thoroughly under- 
stood. When the bacilli have once become implanted in the mucosa the 
development of the ulcer and its spread is most easily explained by 
considering the intracellular method of extension, since the lesions increase 
in size by the formation of adjacent tubercles formed by cells which 
have phagocytosed tubercle bacilli, and the spread is usually along 
the distribution of the submucosal and intermuscular lymphatic chan- 
nels. The extent to which endothelial cell proliferation may occur in 
the lymphoid tissue of the intestinal tract has been emphasized by 
Mallory’s studies on typhoid fever and it is apparently the same type of 
cell which is active in tuberculosis. 

The mechanical distribution of the bacilli in the lung along with dust 
furnishes another instance in which the intracellular transportation of 
the bacillus is probably extremely important. It is known that dust 
is taken up in the alveoli and carried through the lymphatics to the 
lymph node by endothelial cells and the transportation of tubercle 
bacilli undoubtedly may take place in the same way. 

2. The direct extension of tuberculous lesions into neighboring areas 
by the formation of adjacent tubercles is capable of being explained 
wholly on the basis of the intracellular transportation of the bacilli, 
as was Clearly brought out by the above cited experiments, but I would 
not attempt to deny the possibility of the direct passage of the bacilli 
along the intercellular spaces or lymphatics, or to consider it improbable 
or even unusual in occurrence. 

3. The direct carriage of tubercle bacilli in the blood stream is well 


q 
3 
| 
4 


SOME FACTORS CONCERNED IN DISSEMINATION 745 


known and probably takes place in every case of general miliary tuber- 
culosis, and, according to some authors (Bruecken (6)), blood stream 
invasion of the body by tubercle bacilli is a very common occurrence 
even when general tuberculosis does not follow. I (18) have seen one 
example of human tuberculosis in which the presence of free tubercle 
bacilli in the blood stream was shown by the existence of masses of free 
bacilli in the glomeruli of the kidney. 

It is in the instances of blood stream distribution that intracellular 
transportation of tubercle bacilli probably has its least application, 
though one of the experiments demonstrated that the pigment cells may 
reach the general circulation and a section of lung from another one of 
the animals studied contained a perivascular tubercle which had extended 
through the vessel wall, so that the cells which composed it were washed 
by the passing blood (fig. 13). Here the tuberculous granulation bore 
the same relation to the lung circulation that the endocardial verrucae 
do to the general circulation, save for the mechanical action of the valve 
cusps. Such a lesion indicates that it is not necessary for an ulcer or 
abscess to rupture into the blood stream in order to have free organ- 
isms or cells bearing tubercle bacilli reach the general circulation. 

4, The extension of the infection along lymphatics may and no doubt 
does occur by the passage of free tubercle bacilli along with the lymph, 
though the indications are that the bacilli do not remain a great while 
in any of the tissues without being phaggcyted. That transportation of 
the bacilli within cells from an infected focus to the lymph nodes which 
drain the area takes place, can scarcely be doubted in the face of the evi- 
dence at hand and this is particularly apparent where the cells in the 
original focus and in the lymph nodes have both been marked with 
pigment granules. 

So it seems that the conception of the transportation of tubercle bacilli 
within cells has more or less application, no matter which of the various 
general routes of distribution is considered and, from the standpoint of 
the more comprehensive mechanism of dissemination throughout the 
entire body, I have found Krause’s recent article extremely interesting 
and of great value in weighing my own findings. Krause (24) in report- 
ing a long series of experiments gives the following interpretation of the 
distribution of the bacilli. Tubercle bacilli applied subcutaneously in 
sufficient numbers to guinea pigs are rapidly carried into the lymphatic 
system. Some are arrested in the node and some pass through them, 
reach the vein and are carried to the lung by the pulmonary artery. 
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Here many are temporarily arrested while others pass through to the 
general circulation. Those which embolize in the capillaries are again 
carried into the lymphatic system of the lung and urged centripetally 
toward the lung nodes. Krause, and Baldwin and Gardner (2) found 
that the tracheobronchial nodes of the guinea pig became involved 
earlier than the lung tissue. Krause explained this finding on the work 
of Miller. Miller (32) compared the greater susceptibility of the rabbit 
‘lung tissue to that of the guinea pig and pointed out that the rabbit has 
a most intricately arranged system of lymphoid tissue which intercepts 
the progress of the tubercle bacilli in the lung tissue proper and causes 
the lung to become involved before the tracheobronchial nodes, while 
the guinea pig has no such elaborate system and the bacilli in the lym- 
phatic channels are allowed to pass more easily to the tracheobronchial 
nodes. Thus the nodes in the guinea pig become involved at an earlier 
time than the lung tissue itself. 

In a general way my results were similar to those which Krause has 
reported, but I am inclined to a somewhat different interpretation of 
some of the points. I believe that the tubercle bacilli (together with 
pigment in my series) are taken up at the site of primary inoculation 
largely by endothelial leucocytes, and to some extent by polymorphonu- 
clear leucocytes, and that while some of the cells remain at the site and 
become the nucleus for the formation of local tubercles, other cells pass 
to the lymph nodes which drain the area (in the instance of the groin 
probably both the inguinal and sternal sets of nodes are included) 
and there initiate new foci of tuberculosis. Tubercles begin to assume 
diagnosable characters in from six to eight days and to show caseation 
in from ten to twelve days, so that if the free tubercle bacilli do not pass 
from the primary focus directly into the vein they may do so when the 
secondary tubercles of the nodes undergo necrosis. However, a careful 
study of the reactions in the loose tissues of the groin demonstrates the. 
presence of many fairly advanced perivascular tubercles, in such close 
relation to the lumina of the vessels that it seems doubtful if the more 
circuitous course of the bacilli, through the thoracic duct in reaching the 
general circulation, is necessary in all instances. 

My materials bear out Krause’s statement that most, if not all, of the 
tubercles of the lung following blood stream distribution of the organism 
are perivascular rather than vascular. The actual steps in their develop- 
ment are not so clear, for by the time it is possible to determine the pres- 
ence of a perivascular tubercle, the typical lesion must have reached 
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diagnosable proportions or, more specifically stated, the perivascular 
tubercle, at the time of diagnosis, is already composed of mononuclear 
cells of endothelial origin which have taken up tubercle bacilli and have 
collected or multiplied to form a typical lesion. Whether the cells 
composing it phagocyted the bacilli while they were a part of the vascular 
endothelium and then passed out into the perivascular space, where the 
tubercle was formed, whether the tubercle bacilli passed through as such 
and were then taken up by the cells, or whether the cells acquired the ba- 
cilli at some other focus and for some reason chanced to have become ar- 
rested at the point during their course of passage along the perivascular 
spaces to the tracheobronchial nodes, are all possibilities which I think 
we cannot solve on our present data. The work of Drinker and Shaw 
(9) has shown with what facility the endothelium of the lung capillaries 
may remove particulate matter from the blood stream. I believe the 
fact that the tubercles occur perivascularly in these instances does not 
necessarily indicate that they did not arise directly by blood stream 
distribution. On the other hand, if the bacilli passed out of the vessel 
as free particles they were phagocytosed before the histological tubercle 
was formed and this might have occurred at once or at some little dis- 
tance from the site of exit. In either instance the bacilli were taken 
up by cells which have the powers of becoming wandering cells and this 
makes the third circumstance possible, namely, that cells of this type 
may take up bacilli and wander along for a time and then lodge and 
become incarcerated in. the perivascular tissues. The precedent for 
such an arrestment of cells is found in the development of perivascular 
anthracosis. 


SUGGESTIONS FOR THE APPLICATION OF THE INTRACELLULAR TRANSPOR- 
TATION THEORY TO PROBLEMS IN TUBERCULOSIS 


The above stated conception of the dissemination of tuberculous in- 
fection within cells by no means attempts to solve all of the phenomena 
of tuberculosis. I quite agree with Krause in his statement that “‘any 
generalization which postulates that a single factor is responsible for the 
beginning and spread of infection is thoroughly unscientific,” but I do 
maintain that intracellular distribution of tubercle bacilli is important 
and has a wide application. 

In this connection it is an interesting observation that those diseases 
which are known to be accompanied by an increase in the percentage of 
mononuclear cells in the blood are the ones that are commonly men- 
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tioned as diseases often predisposing to tuberculosis, for example, meas- 
les, malaria, whooping cough, and typhoid fever. Measles has been 
credited not only with predisposing to tuberculosis (1) but also as having 
occasionally caused reactivation of healed lesions. The conviction that 
measles predisposes to tuberculosis has apparently arisen from observa- 
tions made upon children. Berghoff (3) questions measles as a predis- 
posing and reactivating influence, but as he reports three instances of 
reactivation in 596 soldiers, supposedly picked men, and one case of a 
frank new infection within six weeks after measles, his stand is not par- 
ticularly convincing. If measles does predispose, there are undoubtedly 
many factors involved, but the coincidence is suggestive and it might be 
postulated that the great overproduction of mononuclear cells abnormally 
increases the facilities, for the time being, of phagocyting and carrying 
into the tissues any infectious tuberculous material which happens to 
be within their reach. 

Pathological changes in the lungs which predispose to infection or to 
reinfection with tuberculosis do not necessarily bear any relation to those 
which bring about reactivation. Reactivation implies that a living virus 
capable of being stimulated to produce new lesions is already present in 
the tissues. It depends primarily on the possibility of living tubercle 
bacilli, which have become temporarily innocuous, persisting indefinitely 
in local foci of tissue, and includes also the possibility of subsequent 
resumption of their power to produce new lesions. The experimental 
effects of oedema were those of separating the connective tissue fibers 
about the lesions and of freeing the phagocytes so that it appeared that 
they were free to move on, perhaps to less resistant tissues where new 
lesions could be initiated. Based upon the experimental findings of the 
effect of oedema and serous exudate on the cells in the periphery of 
healing and healed tubercles any severe oedema should tend to cause the 
reactivation of an old healed focus. Klotz (22) pointed out that a great 
amount of oedema appeared in the perivascular and peribronchial lymph 
spaces of animals exposed to chlorine gas. It would seem, therefore, 
that acute gassing should have a tendency to lead to the reactivation of 
old tuberculous lesions. General opinion (31) (4) (7) is apparently 
against gas poisoning as a potent influence in reactivation, though there 
seems to be very little reliable data on this particular point. I base 
this supposition upon the physical fitness demanded of the men who 
reached the front and upon the fact that most of the men who were 
gassed, to the extent of having a severe pulmonary oedema develop 
died from the immediate effects. 
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So far as a predisposition to infection with tuberculosis from acute 
gassing is concerned there is undoubtedly great injury done to lung 
tissue, but neither the primary action of the gas nor the resulting oedema 
appears to have a proliferative effect upon the cells which are directly 
responsible for the spread of the bacilli. Undoubtedly many such cells 
are freed from confines by the oedema, but unless the infectious material 
reaches the cell during the acute stage (of the oedema) there is nothing 
to indicate that they would be any more active than under ordinary 
conditions. Indeed, in the later stages which follow the acute gassing, 
the fibrosis produced would tend more to the limitation (23) (20) 
than to the spread of tuberculous lesions. 

Another striking coincidence, if it is nothing more, is found in the fact 
that those organs of the animal body which are characterized by the 
presence of large quantities of phagocytic endothelial cells and which 
constantly have a greater or less number of mononuclear cells wandering 
about in them, for example, the lungs, spleen, liver and lymph nodes, are 
the organs which are most susceptible to infection with tuberculosis, 
while organs like the pancreas, kidneys and muscles, which have relatively 
little phagocytic endothelium and rarely contain wandering cells under 
norma] conditions, are the ones known to be comparatively immune to 
tuberculosis. 


CONCLUSIONS 


1. Large mononuclear cells of endothelial origin are important agents 
in the dissemination of the tuberculous infection in experimental animals. 

2. These cells phagocyte tubercle bacilli in infected foci and carry 
them to neighboring tissues and through the lymphatic channels to 
the lymph nodes where they may initiate new lesions. Less commonly 
they may gain entrance to the general circulation and transport tubercle 
bacilli within the blood vessels and sinuses. 

3. Experimental evidence was obtained to show that tubercles are 
occasionally formed largely from wandering cells, with comparatively 
little proliferation on the part of the endothelium of the fixed tissues of 
the area. 

4. Polymorphonuclear leucocytes phagocyte tubercle bacilli in caseous 
areas but there is little evidence of their importance as carriers or dis- 
tributors of the disease in the body. 

5. The intracellular transportation of tubercle bacilli has a wide 
application in the finer interpretation of tuberculous processes. 
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Fic. 1. TuBERCULOUS GRANULATION AT THE SITE OF INOCULATION 


The reaction is made up chiefly of large mononuclear cells which have phagocyted carbon 
pigment. Many of these cells contain tubercle bacilli also. A giant cell is seen near the 


centre of the figure. — 


Fic. 2. HicoH-PowErR PHOTOGRAPH OF AN EARLY TUBERCLE FORMED FROM PIGMENTED 
CELLs IN AN INGUINAL LympH NODE NEAR SITE OF INJECTION 
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Fic. 3. Gross PHOTOGRAPH OF A GUINEA PiG SHOWING TUBERCULOUS LympH NODES 
IN THE INGUINAL REGION AND THE INTIMATE VASCULAR CONNECTIONS BETWEEN 
THE BLOOD SUPPLIES OF THE ABDOMINAL AND THORACIC AREAS 


The small insert shows tuberculous sternal lymph nodes situated on the posterior surface 
of the sternum near the sternoclavicular joints. 
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Fic. 4. PHoroGRAPH OF PERIVASCULAR LympHaTICS NEAR STERNAL LympH NOopDES 
CONTAINING NUMEROUS PIGMENT-BEARING CELLS 


These cells were found upon oil immersion examination to contain tubercle bacilli. The 
animal, from which this slide was made, died eight days after inoculation in the groin with 
india ink and tubercle bacilli. 


Fic. 5. PHOTOGRAPH OF A SECTION OF STERNAL LympH NoprE SHOWING NUMEROUS EARLY 
TUBERCLES MADE UP LARGELY OF PIGMENTED CELLS 
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Fic. 6. HicH-PowER PHOTOGRAPH OF EARLY TUBERCLE IN STERNAL LympH NoDE Mapr 
uP LARGELY OF PIGMENTED CELLS 


This animal was inoculated in the groin seventeen days previous to death. No polymor- 
phonuclear leucocytes and no caseation necrosis were present in the early tubercles at this 


time. 
Fic. 7. O11 IMMERSION PHOTOGRAPH OF A CELL CONTAINING PIGMENT GRANULES AND A 
TUBERCLE BACILLUS 


FACTORS CONCERNED IN DISSEMINATION 


759 | 
7 
Fic. 6 
q 
Fic. 7 


SAMUEL R. HAYTHORN 


Fic. 8. PHOTOGRAPH OF A TUBERCLE SHOWING EARLY CASEATION NECROSIS 
Many polymorphonuclear leucocytes were seen and, when examined with the oil immersion 
lens, it was found that they contained numerous tubercle bacilli. 


Fic. 9. PHOTOGRAPH OF A SUBCAPSULAR LIVER TUBERCLE FROM A GUINEA Pic INOCULATED 
INTRAPERITONEALLY WITH PIGMENT AND TUBERCLE BACILLI 


As this tubercle was made up largely of pigmented cells it indicates that both wandering 
cells and the fixed cells of the liver tissue may take part in the formation of tubercles. 
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Fic. 10. PHoroGRAPH OF LARGE MONONUCLEAR CELLS FILLED WITH PIGMENT IN THE 
PERIPHERY OF AN EXPERIMENTAL TUBERCLE 


The cells were compressed between bands of connective tissue and resembled connective 
tissue cells. The section was made from a rabbit’s ear which had been injected with pigment 
and tubercle bacillus suspension several weeks previously. 


Fic. 11. PHoroGrarH SHOWING THE EFFECT OF AN ARTIFICIALLY PRODUCED OEDEMA UPON 
THE PIGMENTED CELLS IN THE PERIPHERY OF AN EXPERIMENTAL TUBERCLE 


The section showed that when the compression of the connective tissue had been removed 
the pigmented cells resumed their spheroidal shape and were seen lying free in the spaces. 
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Fic. 12. Hico-PowrEr PHOTOGRAPH OF LARGE PIGMENTED CELLS IN AN OEDEMATOUS AREA 
NEAR A TUBERCLE 


The union of large pigmented cells in the formation of giant cells was illustrated. In 
this instance the giant cells were formed by fusion of the large mononuclear cells as was 
shown by the accumulation of the pigment granules in the neighborhood of the nuclei of the 


fusing cells. 


Fic. 13. PHOTOGRAPH OF A PERIVASCULAR TUBERCLE OF THE LUNG EXTENDING INTO THE 
LUMEN OF THE VESSEL 


The extension consisted of masses of proliferated endothelial cells which contained tubercle 
bacilli. The ease with which such cells may be swept into the blood stream is easily imagined 
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PNEUMOKONIOSIS AND TUBERCULOSIS 
WITH SPECIAL REFERENCE TO BOTH DISEASES IN POTTERS 


H. R. M. LANDIS 
Philadelphia 


Since the time of Ramazzini it has been recognized that dust has been 
capable of producing changes in the respiratory system. Furthermore, 
the opinion has prevailed for many years that occupations which ex- 
posed the worker to the inhalation of dust were attended by an unduly 
high incidence of pulmonary tuberculosis. In spite of the fact that cer- 
tain forms of dust produce as definite and as characteristic changes in 
the lungs as do bacteria, the disease pneumokoniosis rarely, if ever, 
figures as such in our morbidity or mortality returns. It is practically 
always disguised under some other term, as for example, chronic bron- 
chitis, asthma, pleurisy, tuberculosis, etc. There can be no doubt that in 
a considerable percentage of cases a diagnosis of pulmonary tuberculosis 
is made when in reality the condition is a pure pneumokoniosis. This is 
to be ascribed to the fact that the symptoms and physical signs are 
frequently identical and too much is taken for granted. Repeated 
sputum examinations are essential, and I know of no other way of defi- 
nitely determining whether in a given case it is one of uncomplicated 
pneumokoniosis or there is a superimposed tuberculous infection. 

The literature on the subject of pneumokoniosis is enormous but, 
it must be confessed, much of it is worthless. In the first place, until 
very recently there was no distinction made as to the effects of different 
‘types of dust. The usual classification of dusts was that of organic, 
inorganic, and mixed, and all were looked upon as being equally harmful. 
Fortunately, within the past few years the effects of these different types 
have been more thoroughly studied. 

It is now quite generally accepted that organic dusts, such as vegetable 
or animal fibres, produce no changes in the lungs. Certainly, thus 
far, pathological proof is wanting. Inorganic dust, on the other hand, 
does produce characteristic changes, the evolution of which is as definite 
as any produced by microérganisms. There is ample proof of this. 
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Mixed dusts which consist of both organic and inorganic material 
are dangerous in proportion to the amount of inorganic matter, the 
organic content being of little consequence. 

It is with inorganic dust, therefore, that we are chiefly concerned. 
While any of the inorganic dusts are capable of causing mischief in the 
lungs, repeated studies have shown that these dusts vary tremendously 
in the effects that they produce. Thus the power to cause damage 
ranges from pure silica, the most dangerous of all forms of dust, to the 
relatively innocuous cement dust. Silica, for example, may bring about 
a complete crippling of the worker in as brief a period as from two to 
eight years, if the exposure is sufficiently intense. Coal dust, on the 
other hand, even with marked exposure, usually takes twenty to thirty 
years to produce changes sufficient to produce symptoms. 

Collis has emphasized this variability of the effects of dust, not only in 
the production of fibrosis but also in the incidence of an associated tuber- 
culosis. It seems quite clear that a high percentage of cases of silicosis 
develop tuberculosis; certain other dusts, on the other hand, do not seem 
to increase the susceptibility, and some indeed are said to act as a 
preventive of tuberculosis. 

Much of our information regarding the incidence of tuberculosis in 
various industries is open to criticism. For the most part, the data re- 
lating to the frequency of tuberculosis in a given industry is obtained in 
one of two ways: First, the number of deaths occurring in a certain in- 
dustry is taken as an index as to the harmfulness of the particular 
employment, and as a result of this many occupations have received a 
bad name, when as a matter of fact there was nothing in the industry 
itself to warrant such a deduction. Second, most of the surveys that 
have been made have followed the plan of making medical examinations 
of groups of workers, tabulating the defects found, and then assuming 
that, if there was a high percentage of certain abnormalities, these 
abnormalities were to be charged against the occupation. For example, 
several years ago an extensive survey was made of one of the textile trades. 
Among the defects found with great frequency was pyorrhoea. It was 
concluded, therefore, that this trade predisposed the workers to 
pyorrhoea, an assumption that certainly had little to warrant it. 

An additional factor that is too often lost sight of is the influence of 
the trade process. A man in stating his occupation will almost invariably 
give the general designation, as for example, hatter, potter, etc. In most 
occupations there is a great diversity of processes. Some of these proc- 
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esses involve no risk of any kind; in others there may be a distinct 
industrial hazard. Thus, a man may state that he is employed in a 
pottery and as a result is usually classed as a potter. Closer question- 
ing as to the particular work he does in the pottery may reveal the fact 
that he is a decorator or a packer, in neither of which is there any hazard; 
or he may be a dipper, in which case the risk is that of lead poisoning 
and not the inhalation of dust; in all other trade processes connected 
with the manufacture of pottery or sanitary ware dust constitutes a 
distinct hazard. 

Still another factor that is often neglected is a knowledge of exposure 
to tuberculosis in the home. In any considerable group of workers, no 
matter what the occupation may be, it will be found that there is evidence 
of existing cases of tuberculosis in their immediate families. In such cases 
it would be difficult to state whether the worker became infected because 
of his occupation or because of exposure to the disease in his home. 

Finally it is urged that any study of the influence of occupation 
on the causation of disease should include a knowledge of the conditions 
under which the workers live. 

This brief outline of some of the factors involved in determining the 
relationship existing between pneumokoniosis and tuberculosis may be 
illustrated by an analysis of a group of potters whom I have had under 
observation. For some years past the Potter’s Union has sent many of 
its members to the White Haven Sanatorium, located in White Haven, 
Pennsylvania. To date there have been 88 cases, all being sent to the 
Sanatorium under the belief that they had tuberculosis. 

Their respective numbers and length of employment were as follows: 


YEARS YEARS YEARS YEARS YEARS YEARS YEARS YEARS 


6 | 1-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 


MONTHS 


1 | 5 8 11 9 | 7 10 11 13 


It is known that the type of dust occurring in potteries is not especially 
irritant and that it takes at least ten years to show any changes. Of this 
group 6 had been employed five years or less and 8 more ten years or 
under. It is hardly probable that any of them had received sufficient 
pulmonary damage to increase their susceptibility to tuberculosis. 
Certainly, in the case of a man who worked as a potter no longer than 
one or two years and then showed signs of tuberculosis, the industry 
could hardly be charged with it. 
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It should also be noted that 32 of the group had followed the occupa- 
tion from 30 to 50 years before they manifested any symptoms. 
The numbers employed in the several trade processes were as follows: 


Pressers, jiggermen, kilmmen, and saggermakers are all exposed to 
dust under about the same conditions. Decorators have to do with the 
ornamentation of chinaware.and are not exposed to dust in the slightest. 
In the case of dippers the hazard is that of lead poisoning; dust is a very 
minor factor. The one listed as a packer worked in the store room and 
packed the finished china for shipping. 

It will be seen therefore, that 6 of the group designating their trade as 
that of potter were not exposed to the dust at all and had no opportunity 
to develop pneumokoniosis. Tuberculosis, therefore, is not to be charged 
to dust in these cases, 

As regards exposure to tuberculosis there was a history of exposure in the 
family in 22 and of exposure elsewhere in 6. In this group of 88 patients 
22 stated that some member or members of the immediate family (father, 
mother, brother or sister) had died of the disease. In 6 more there had 
been exposure through a tuberculous wife or intimate associate. 

In those cases in which it was known that infection existed in the 
family it would be difficult to fix the source of the infection. To charge 
it against the industry would be manifestly unfair. To a less extent this 
is true where the exposure is less intense but still a possible source of the 
trouble. 

Examinations for tubercle bacilli in the sputum showed that tubercle 
bacilli were present in 72 and absent in 16. Although all of these 88 
patients were sent to the sanatorium as cases of tuberculosis it was 
impossible to establish such a diagnosis in 16, or 22.2 per cent. The 
sputum was repeatedly examined in these cases but tubercle bacilli could 
never be demonstrated. 

It is to be borne in mind that, in the early stages of pneumokoniosis, 
without an associated tuberculous lesion, the physical signs are practically 
negative. In the third stage the physical signs are marked and nearly 
always are not to be distinguished from those found in advanced tuber- 
culosis. Furthermore, it is not always possible, even with the X-rays, 
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to determine whether the case is one of pneumokoniosis alone or whether 
there is an associated tuberculous lesion. The examination of the 
sputum then is our chief reliance in detecting those who have and those 
who have not tuberculosis, Neglect of this precaution has led to the 
inclusion in tuberculosis statistics of a fairly high percentage of cases in 
which extensive fibrosis of the lungs, the result of a pneumokoniosis, is 
the actual trouble. 


TYPE OF TUBERCULOSIS OCCURRING IN POTTERS 


Finally, a word as to the type of tuberculosis which as a rule is en- 
countered in this occupation: 

When tuberculosis is superimposed on the pneumokoniosis, in most 
instances it is nontoxic. The constitutional symptoms, such as fever, 
tachycardia, sweating, etc., are slight and in most instances quickly 
disappear with rest. 

The lack of toxic symptoms is to be ascribed, I believe, to the extensive 
fibrosis present. This tends to limit the spread of the disease and also to 
prevent absorption. 

It is well known that in cases of tuberculosis in which fibroid tissue 
forms very slightly or not at all the disease spreads rapidly and toxic 
symptoms are marked. On the other hand, in chronic cases with marked 
fibrotic changes the disease is of long duration and toxic symptoms are 
absent or very slight. 

The presence of a marked fibrosis in these cases would seem to argue in 
favor of its rendering the lungs less susceptible to the tubercle bacillus, 
rather than increasing the susceptibility. This, indeed, is said to be 
true of coal dust. This dust is not especially irritating and the fibrosis 
it gives rise to is very slow in its evolution. 

In the case of potters it seems to be true that the tuberculosis is not 
apt to develop until after many years in the trade and that when it does 
it is frequently of a latent type. 

On the other hand, the evidence that silicosis is, in the great majority 
of instances associated with tuberculosis, sooner or later, is undoubtedly 
true. 

The reason is not clear. I would advance the following hypothesis: 
Silica is the most irritant of all dusts and those exposed to it in its pure 
form are incapacitated in from two to eight years. In other words, 
it will produce as much damage in this brief period as occurs after thirty 
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to fifty years in a pottery or in a coal mine. Instead of being a slow 
chronic process, silicosis is subacute and in some instances distinctly 
an acute process. It would therefore seem that lungs acutely or sub- 
acutely inflamed might readily become a fertile field for the tubercle 
bacillus. 

In conclusion it is to be borne in mind that no dust, not even silica, 
can cause tuberculosis. It may as in the case of silica, predispose the 
individual to the disease, but without the presence of the tubercle bacillus 
tuberculosis cannot develop. 
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PNEUMOKONIOSIS IN THE STONE INDUSTRY 


FREDERICK L. HOFFMAN 
Newark, New Jersey 


There has recently been reported the results of an autopsy, made at 
the Massachusetts General Hospital on the body of a granite worker, 
forty-three years of age and twenty-five years employed in the industry, 
to which attention may properly be directed as a practical illustration 
of some of the most important conclusions advanced in the Bulletin 
of the Bureau of Labor on Dust Phthisis in the Granite Indusiry. The 
report in question was made public in the Case Record Series of the 
Massachusetts General Hospital, edited by Drs. Richard C. and Hugh 
Cabot, being no. 16, part 1 of vol. viii (autopsy no. 8161). 

Deceased had first entered the hospital on October 2, 1921, it being 
explained that he had done odd jobs during the preceding four years 
after twenty-five years of employment as a stone worker. There is 
nothing particularly interesting in the personal or family histories, nor 
as to his habits, but the personal information indicates the following: 


P.I.: Four years before his admission he was in bed four weeks with an 
attack of influenza. He had fever in the neighborhood of 104°, and slight 
cough. Six weeks after the attack he returned to his work as a granite cutter, 
but was obliged to give up on account of weakness and dyspnea. The cough 
had persisted, with thin, frothy sputum. From that time he remained at 
home a great deal, doing only odd jobs. He felt well until thirteen months 
before admission, when several hours after doing some heavy lifting he had 
a hemorrhage of “two quarts” of fresh red blood within half an hour. :He 
went to a hospital, where two days later he raised a large amount of blood. 
Following this he had four hemorrhages at eighteen and twenty-hour intervals 
with an “average of a pint of fresh red blood” at each. From this hospital 
he went directly to another, and remained there in bed for two weeks. Upon 
getting up and attempting to bathe he raised another mouthful of blood. He 
was then confined to bed for three weeks. 

A report from this hospital states that he was admitted June 25, 1919, 
and discharged March 13, 1920; readmitted August 13, 1920, and discharged 
March 28, 1921. During his stays he had several small hemorrhages. His 
772 


q 
{ 
t | 
i 
| 
q 
} 
4) 
if 
i f 
H 
a 


PNEUMOKONIOSIS IN STONE INDUSTRY 773 


last physical examination showed moderate dulness throughout both lungs, 
breath sounds increased over upper half of chest, and fine moist rales after 
cough, scattered through both lungs. Sputum was always negative. 

To this report the patient added that he gradually regained weight and 
strength at this hospital, though his dyspnea persisted and he had continuous 
slight cough with yellow, tenacious sputum. His temperature only once 
rose to 99°. At discharge he weighed 128 pounds and was able to do light 
work without fatigue. He continued in this condition, with occasional palpi- 
tation during the past three months, until the morning before admission, 
when he found he was spitting bloodstreaked sputum. He remained in bed 
all the morning, but in the afternoon took a long walk. After it he was 
seized with a severe fit of coughing and raised a small mouthful of blood. 
Since then he has been spitting bloody sputum. At admission he felt fairly 
well, though rather weak. 


The most important medical evidence here presented is that the 
sputum was “always negative” regardless of repeated examinations. 
There evidently was a premature return to work and it is conceivable 
that more prolonged hospital treatment might have delayed death, 
although probably a foregone conclusion at the time of first admission. 
The patient’s physical examination and clinical record reveal the fol- 


lowing facts: 


P. E.: A fairly nourished man, coughing frequently and expectorating 
blood-tinged sputum. Skin dry. Pyorrhea. Tongue projected in midline 
with slight tremor. A few cervical, right axillary, and both inguinal glands 
enlarged. Chest expansion greater on the left. Diaphragm excursion slightly 
greater on the left. Both limited. Apex impulse of the heart not found, 
Supracardiac dulness 6.5 cm. Left border dulness 8 cm. from midsternum, 
1 cm. inside the midclavicular line. Right border 3.5 cm. to the right. Action 
slow (52). Sounds distant. A greater than P. No murmurs. Artery walls 
palpable. B. P. 115/80-100/70. Pulses normal. Abdomen normal. Geni- 
talia: Reducible left inguinal hernia the size of alemon. Extremities: Fingers 
and toes markedly clubbed. Rectal examination: A reddened area around 
the anus. Rectum extremely tender. Anal spasm prevented satisfactory 
examination. Pupils and reflexes normal. 

Temperature, 96.6°-99°, rising to 101° on October 13 and 16. Pulse, 49- 
100, rising the day before death to 127. Respiration,'19-32. Urine: 20-68. 
Specific gravity, 1018-1008. Cloudy at one of four examinations; a very 
slight trace of albumin at one. No sugar. Blood: Hemoglobin, 75-80 per 
cent. Leucocytes, 18,200-5,200. Polynuclears 52 per cent. Reds and 
platelets normal. Sputwm mucoid or purulent. Macroscopic blood at four 


ata 


774 FREDERICK L. HOFFMAN 


of five examinations. No tubercle bacilli. Lanceolate diplococci at one 
examination, many extracellular and rare intracellular pneumococci at the 
second, pneumococci at the third, gram-positive diplococci at the last. Two 
Wassermanns strongly positive. X-ray: The fluoroscope showed both dia- 
phragm shadows partially restricted in their respiratory movements. The 
plate was confirmatory, and also showed considerable fine mottled density 
throughout both lungs. 


These notes would suggest that the patient was looked upon as a tuber- 
culosis suspect with only incidental, if any, consideration of the silicotic 
aspects of the case confirmed by a radiograph appended to the original 
report. Regarding the radiological findings it is said, 


Hilum shadow markedly increased. Lung markings throughout both lungs 
increased and mottled, especially those on the right, most markedly in the 
upper part of the latter. Extending from about the middle of the right side 
of the arch upward to the lateral chest wall is a band of increased density 
suggesting pleural adhesions. The arch is displaced toward the right. The 
band of increased density forms the lower border of an area of markedly less- 
ened radiability. Both costophrenic angles show slightly lessened radiability. 
In the oblique view the posterior mediastinal space shows markedly lessened 
radiability. Considerable fine mottled density throughout both lungs. 


To the foregoing there is added a rather brief commentary on the 
treatment and final termination of the case. 


The patient was put upon individual precautions. Morphia was given, 
usually in 1/6 gr. doses, p.r.n., for restlessness or severe coughing, once with 
atropin gr. 1/120. Sodium bromide, gr. v, was prescribed once but not given. 
October 6 he was ordered Heyden’s solution, minims v, every other day 
intramuscularly and a dose of veronal, gr. x, was given at midnight. 

He had two hemorrhages previous to October 7, the first two and a quarter 
ounces, the second one or two teaspoonfuls. There was slight streaking . of 
the sputum after each. A syphilis consultant wished to give diarsenol and 
mercury, and plans were made to give these. October 11, after a prolonged 
coughing fit, the patient raised at least eight ounces of blood. He became 
extremely excited at these times, and on this occasion required a quarter-grain 
of morphia. October 14 he had slight hemoptysis. . October 15 a second dose 
of diarsenol was given, 0.2 gm. The night of the 16th he had a hemorrhage 
of six ounces. The morning of October 17 there were many fine crackling 
rales at the left base. That afternoon after a marked hemorrhage he suffo- 
cated within a few minutes. 
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Evidently from beginning to end the case was looked upon as one of 
tuberculosis, possibly complicated by latent syphilis. It is therefore 
of unusual interest to follow the autopsy discussion with a view as to 
the final diagnosis arrived at. 

The first notes on the record are by Dr. Richard Cabot, reading in 


part: 


I am particularly interested always in the lungs of granite cutters. Not 
every dust that goes into the lungs is detrimental to them. People working 
in textile mills do not get hurt in their lungs. They get catarrhal troubles 
in their upper respiratory tract. Coal miners’ lungs seem to be rather im- 
proved by the coal dust than otherwise. They have less tuberculosis than 
anybody else except clergymen and gardeners, who are particularly exempt. 
Granite dust, however, like steel dust, is reliably shown to lead to chronic 
changes in the lungs, and with such a record as this that would naturally be 
the first thing we should think of. The rash and loss of hair at nineteen make 
us think very strongly of syphilis. 


The record shows that deceased had been employed in Quincy, Massa- 
chusetts, stone plants, but the precise occupation followed or the occu- 
pational changes gone through are not indicated. Note is made of the 


fact that there had only been a recent loss of eight pounds in weight. 
Here again more precise information for at least the preceding two years 
would have been of value. The condition was probably affected by an 
intercurrent influenza, although this is not quite clear. Dr. Cabot, 
upon such preliminary consideration as he had given the case, explained 
that “while the sputum was always negative” yet “‘he was inclined to 
think” the diagnoses of the preceding physicians “‘always positive” and 
he adds that his own conclusion was to the same effect. 

One of the physicians present at the autopsy offered the explanation 
that the immediate cause of death might have been syphilis while 
another suggested tuberculous ulcer. In discussing the differential 
diagnosis Dr. Cabot said, 


Before we get to the X-ray and before Dr. Holmes speaks, I want to com- 
mit myself, so that I shall not seem to be merely copying a greater authority 
on this subject. This man of course has extensive disease in his lungs, and 
I believe the granite did it. There remains the question, is it tuberculosis 
or isn’t it? We have heard a great deal about granite cutters’ lungs and 
about the chronic cirrhotic process which occurs there. Dr. Holmes knows 
very much more than I do about it because of the studies he has carried out.. 
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What is the evidence here for tuberculosis? I must say there is not much that 
is positive. I do not know why you should not get bleeding from a non- 
tuberculous cirrhotic lung. Nevertheless, I think the bleeding is the best 
point for tuberculosis because it seems to point to ulceration and so to bleeding 
from a cavity wall. That is what we have in tuberculosis rather more than 
in the somewhat vague picture we have of a cirrhotic lung due to the irritation 
of granite particles. Against tuberculosis is the fact that he has not lost a 
great deal of weight and that they never found tubercle bacilli. Those are 
the chief points. In favor of tuberculosis, beyond the hemorrhage, is the 
fact that the symptoms seem to be mostly on one side. I do not see why 
granite should go any more on one side than the other. On the other hand 
I have the impression that I have heard that pneumokoniosis, granite lesions, 
are often patchy or unilateral. One would suppose it would go to both 
bronchi equally. 


The most important practical question raised here by Dr. Cabot is 
“why granite should go more on one side than on the other.” It is 
regrettable that Dr. Baldwin’s report on the medical investigations at 
Barre should throw no light upon this question, nor upon the further 
questions referred to as a matter of hearsay ‘“‘that pneumokoniosis, granite 
lesions, are often patchy or unilateral.” 

The question of syphilis is further referred to by Dr. Cabot in the 


statement that, 


Syphilis of course has to be considered in this case. An experience of 
pretty nearly twenty years down here with Dr. Richardson makes me very 
shy of making a diagnosis of syphilis. If I make it he generally does not 
find it, not because of any particular ill will, but because he can find no con- 
crete evidence of it. I am particularly afraid of syphilis in the lung. I never 
made a right diagnosis of that trouble in my life. I do not believe this man 
had syphilis in his lung. I do not believe that is what killed him. It is 
conceivable he might have a few spirochetes and that Dr. Richardson might 
not find them. Yet they would account for his positive Wassermann just 
as a few tubercle bacilli in an obsolete tuberculosis would account for a posi- 
tive Pirquet skin test. So I am going to say that if he had syphilis it did 
not make any particular difference and had no relation to his death. If he 
did have it and it did have a relation to his death we should have to say 
aneurysm or stenosed bronchus. There is no record of a syphilitic lung disease 
leading to these hemorrhages. We can conceive of an aneurysm which leaked 
and gave him hemorrhages. I can hardly think of its leaking for such a long 
period. X-ray should show that. I do not believe he had syphilis of a 
bronchus as they give quite a different clinical picture. 
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Hence the conclusion that the patient “had tuberculosis” qualified by 
the observation that, 


I think the granite has something to do with it, but I think that on top of 
the pneumokoniosis the tubercle bacillus is there too. If I am asked why 
didn’t he spit tubercle bacilli, I do not know. That is the weak point in my 
argument, and I cannot answer it. 


Dr. Holmes in his discussion of the X-ray findings said in part, 


This plate shows first a very fine mottled density scattered throughout 
both chests, fairly equally distributed, and that I think is a fairly character- 
istic appearance of granite workers’ disease. We can get such a picture from 
miliary tuberculosis, and I do not think that with the X-ray it is possible 
to tell the difference except with the clinical story. In addition to that in 
granite workers’ lungs we get larger areas of fibrosis or at least of increased 
density in the plate. 


Referring to the work of Dr. Jarvis of Vermont and his conclusion 
that when the lymphatics become blocked with the granite dust, 


The lymph stream is backed up, and we get a sort of congestion in that 
area, and, if it goes on for a long time, a fibrosis; hence the picture we see in 
this sort of case. So that we may have widely distributed fine areas such 
as we see here, and in addition larger areas of consolidation such as we see 
here, as the result of blocking in that area. We have also an area extending 
from the apex down to the fourth rib on the right in which there is complete 
absence of normal lung structure. The shadow is very dense along the course 
of the second interspace and below that there is some fine mottling, above it 
a rather brighter area in which there is complete absence of lung. The great 
vessels and mediastinal contents are apparently displaced toward the affected 
side and the intercostal space is narrowed. 


Evidently only a minute examination of the affected tissue and 
adjoining parts of the lungs can disclose the true extent of the lung 
damage resulting from considerable granite dust exposure. Dr. Holmes 
frankly admitted that he had not followed the clinical side of the case 
but his general conclusion was to the effect, upon the bases of X-ray 
findings, 


That this was probably pneumokoniosis and syphilis of the lung, that this 
might account for the whole picture, knowing that he had a positive Wasser- 
mann. Of course, it might also be tuberculosis and pneumokoniosis. But 
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I do not think we could account for this X-ray picture by tuberculosis alone 
unless we said miliary tuberculosis, which he did not apparently have, 


Dr. Merrill at this point made mention of the general susceptibility of 
granite workers to “tuberculosis,” failing to draw the required distinction 
between pure silicosis and silicosis complicated by a supervening tuber- 
culosis. Dr. Holmes in reply said, 


I think that is not the feeling of the men who have been doing recent work 
on the subject. I know it was the old idea. Dr. Jarvis looked up the death 
certificates in the town of Barre for twenty-five or thirty years, and found 
that large numbers of them were said to have died of tuberculosis, but that 
they were all the male members of the family; none of the women died of 
tuberculosis. He thought this was rather significant from the fact that only 
the men worked in the granite. But the impression he has been able to get, 
working with Dr. Brown of Saranac, is that they do not have tuberculosis 
but fibrosis from granite dust, and that that has been mistaken for tuberculosis. 


This important conclusion is in conformity with the findings of the 
Barre investigation reported in detail by the Bureau of Labor Statistics. 
It, however, is not strictly accurate to say that none of the wives of the 
men concerned died from tuberculosis, for in some cases they did, though 
in a lesser proportion than expected upon the theory of contact infec- 
tion in the family. The further conclusion of Dr. Holmes, however, 
that it was now generally believed ‘‘that a man with granite dust is 
a little less likely to have tuberculosis than the average man” is decidedly 
an understatement, for it may be questioned whether the large majority 
who die of alleged tuberculosis do not in fact die of a pure silicosis, 
uncomplicated by a positive bacilliary tuberculous infection. The 
further statement by Dr. Holmes that “granite dust acts as coal dust 
does” is a pure guess in clear contradiction of the facts. 

After considering the evidence as stated, Dr. Cabot reaffirmed his 
conclusion regarding the cause of death being tuberculosis, observing, 
“T do not see any reason to change. I am going to stand by what I 
have said.” 

The record at this point is not clear, but it appears that there had 
been another diagnosis of the case at another hospital at which it had 
been decided, on clinical evidence only, that the case was one of tuber- 
culosis, although pneumokoniosis and syphilis are also mentioned. The 
discussion of the anatomical diagnosis, as to primary lesions, was pneu- 
ql mokoniosis followed by focal fibrous pneumonitis with cavity formation, 
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pulmonary hemorrhage and hemorrhagic areas in the lungs. As far as 
it is possible to judge, this discussion followed the autopsy at the Massa- 
chusetts General Hospital. The evidence is too technical to be given 
in abstract form and too extended to be given in full. But with regard 
to the possibility of a diagnosis of syphilis, the following portion of the 
evidence is of interest: 


Dr. Cabot: Yes. Doesn’t it come down to this, that we know granite dust 
can produce that state of things; we do not know that syphilis can. We know 
that it can produce syphilitic aortitis, but we have not got syphilitic aortitis. 
On the whole that is what makes us swing to a process we know can cause 
this as against a process we think might but do not yet know. 

Dr. Richardson: 1 think it would be a great deal harder to answer the man 
who says that it is tuberculosis rather than syphilis. I think syphilis comes 
third. We have fibrosis of the lungs, one of the common end results of tuber- 
culosis, and I think many men would say, “We do not care what you say 
about it, we think the process is tuberculosis.” 

A Physician: How about these cases we read of, where they claim they 
clear them up with antisyphilitic remedies? Are we to believe those? 

Dr. Holmes: I will say I cannot agree with Dr. Richardson. I think this 
man had syphilis. I think syphilis of the lung is a not particularly uncom- 
mon finding. 


These and other extracts have been given as evidence of the difficulty 
met with on the part of conscientious physicians in arriving at a precise 
and unexceptionable diagnosis. Yet it is cases like the present one that 
in course of time, and to an increasing extent, will require consideration 
for workmen’s compensation purposes. It is quite clear to the unbiased 
observer that what is most wanting in discussions of this kind is the 
larger viewpoint of physicians familiar with the facts of industrial 
hygiene, competent to pass upon medical evidence interpreted in the 
light of the occupational history of the case. The report in question 
concludes with a separate account by Dr. Jarvis of Barre, Vermont, 
who took occasion to say, 


The first point of interest in this case is the fact that this man’s nationality 
is Italian. The Italians get by the easiest in the granite-cutting industry 
and also are not so susceptible to tuberculosis in the ordinary walks of life, 
the proportion, I believe, being one to four when compared with the Irish, who 
do badly in the granite-cutting industry. 

The average occupational life of a granite cutter is twenty-one years, so 
apparently this man had lived the allotted time in the industry. The greatest 
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number of deaths occur between forty and forty-five years of age, and in 
this respect he seems to run true to form. The fact that he was unable to 
continue his work following his influenza bears out the experience in Barre 
that while adaptation of the respiratory tract to the dusty environment is 
rather easily obtained during the early part of a cutter’s occupational life, 
with advancing years that adaptation is more difficult to regain, and a cutter 
may generally trace his illness to a resumption of granite cutting following a 
period of idleness. iN 

His hemorrhage is a part of the symptomatology to be found in cutters. 
While hemorrhage is not found in every case of tuberculosis, likewise it is 
not found in every case of granite pneumokoniosis. These hemorrhages are 
often accompanied by a small bronchial cast which on examination at Saranac 
Laboratory was found to represent a mass of unorganized fibrin. The hemor- 
rhage seems to give the following background: (1) cough, (2) hemorrhage, 
(3) some relief of dyspnea, (4) streaked sputum for a few days. As a rule 
the hemorrhages are repeated, and one does not find the patient as ill as one 
would expect, the case paralleling more a nasal hemorrhage. The earlier 
hemorrhages as a rule are small in amount, being limited to teaspoonfuls, 
but death resulting from one large hemorrhage is not uncommon, as I am 
able to recall seven cases ending in this manner within the last few years. 

The roentgen-ray film is fairly characteristic of granite cutters with the 
exception of the right upper lobe, which suggests a cavity. While cavities 
are seen they are by no means common. 

There seems to be no definite rule as to the sputum in these cases. Re- 
peated examinations in cases with expectoration have failed to disclose the 
presence of tubercle bacilli, while other cases which do show bacilli fail to 
do so constantly. Collis in England seems to have reached the same con- 
clusions as we have in Barre, that the advent of a positive sputum requires 
the use of the word tuberculous as an adjective, and for purpose of classi- 
fication is desirable; but the advent of a positive sputum does not seem to 
alter the clinical course or enable one to elicit added physical signs. 

The results of the necropsy are very interesting. The cavity, I am inclined 
to feel, is the result of some intercurrent infection, as plenty of evidence exists 
that granite cutters are susceptible to affections of the respiratory tract. The 
South African Miners’ Phthisis Committee report plus experimental work on 
guinea pigs by Dr. L. U. Gardner at Saranac Lake emphasizes the blocking 
of the lymphatics as a result of granite-dust inhalation. It is a question in 
the fact of a blocked lymphatic system what would happen in the event of 
an intercurrent infection occurring. 

To the man who is firm in his belief that the case represents one of tuber- 
culosis one would reply that the length of occupational life in the granite 
industry, age at death, illness occurring during an effort to regain adaptation 
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of his respiratory tract to occupation, the repeated hemorrhages, dyspnea as 
the cardinal symptom, the maintaining of his weight, the unequal chest 
expansion, the roentgen-ray film densities all out of proportion to the symp- 
tomatology, represent a clinical condition which we have come to recognize 
as associated with long service in the granite-cutting industry, and which 
has been termed granite pneumokoniosis.! 


It is to be hoped that the admirable practice of the Massachusetts 
General Hospital in publishing the details of its autopsy findings will be 
followed by other institutions treating cases of occupational diseases as 
a first step toward the building up of a true science of industrial hygiene 
on a case basis and detailed evidence made accessible to all. 


D.C. Jarvis, Roentgen study of dust inhalation in the granite industry, Am. Jour. 
Roentgenol., May, 1921, p. 244. 
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STUDIES ON THE RELATION OF MINERAL DUSTS TO 
TUBERCULOSIS 


Il. THE RELATIVELY EARLY LESIONS PRODUCED BY THE INHA- 
LATION OF MARBLE DUST AND THEIR INFLUENCE ON 
PULMONARY TUBERCULOSIS 


LEROY U. GARDNER anp MORRIS DWORSKI! 
From the Saranac Laboratory for the Study of Tuberculosis, Saranac Lake, New York 


Clinical investigators are generally agreed that under industrial con- 
ditions the inhalation of calcigerous dusts produces little or no injury to 
the human respiratory tract, and some have even taken the extreme view 
that the inhalation of such dusts is of benefit in pulmonary tuberculosis. 
Selkirk (13) has called attention to the great rarity of tuberculosis among 
those employed in the lime works about Edinburgh, but his statements 
are apparently based on casual observations only. Fissak (5) reports 
that of 40,824 deaths among lime and gypsum burners only 17, or 0.41 
per cent, were due to tuberculosis. He also claims that among 400 
employees in a gypsum factory no death from tuberculosis occurred in 
seventeen years. In the presence of highly injurious silicious dusts the 
possibilities of marble dust as a pulmonary irritant have received scanty 
notice by both clinical and experimental investigators. As far as can 
be ascertained only once has there appeared a suggestion that the in- 
halation of marble dust may be injurious and that it may predispose to 
pulmonary tuberculosis. In his Report of the Mortality from Respira- 
tory Diseases in Dusty Trades, F. L. Hoffman (8) says: 


The U. S. census mortality statistics combine marble and stone cutters so 
that it is impossible to separately consider statistically the mortality of this 
employment . . . . the evidence is extremely conclusive that the 
mortality from pulmonary tuberculosis and other respiratory diseases among 
this class is decidedly excessive . . . . in general it would seem that 
the marble dust is decidedly more injurious to health than the dusts of 
limestone and slate. . . . . All the available statistics, however, 
emphasize the lamentable fact that the proportionate mortality from pul- 


1 Fellows of the Trudeau Foundation. 
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monary tuberculosis is exceedingly high among marble cutters and polishers 
and there can be no question as regards an increased liability to the disease 
in consequence of the almost universal use of the pneumatic tool for marble 
and stone cutting purposes. 


The literature contains several reports of experimental attempts to 
affect the course of pulmonary tuberculosis by the inhalation of other 
calcigerous dusts. For example, Nagai (12) exposed groups of guinea 
pigs to an atmosphere of lime dust and others to one of tubercle bacilli 
suspended in lime dust. The lime dust exerted no beneficial effect upon 
the tuberculosis. Cesa-Bianchi (3) exposed guinea pigs to the dust of 
gypsum, mother of pearl and cement. The latter two dusts greatly 
increased the susceptibility of the lung to infection with the tubercle 
bacillus. Although it is not definitely stated, we are led to assume that 
the gypsum had no such effect. Among other dusts Beattie (2) ex- 
perimented with limestone, plaster of Paris and cement, which he says 
have not so far been shown to be associated with any marked increased 
mortality from respiratory diseases. Although it has not been possible 
to obtain the original reports of Beattie’s experiments, he is quoted by 
Middleton (11) to the effect that such dusts may produce a fibrosis in 
the guinea pig’s lung, but apparently he found no increased susceptibility 
to tuberculosis. To the authors’ knowledge no one has studied experi- 
mentally the effect of inhaled marble dust. 

In 1918, Baldwin started to investigate the behavior of marble dust, 
when inhaled by guinea pigs, and its possible influence in modifying the 
course of a pulmonary tuberculosis in these animals. It was later 
decided to extend this programme to include the investigation of other 
types of dust. The first paper of the series (6) on the action of granite 
dust was such a study; this dust, because of the more pronounced patho- 
logical alterations produced, was investigated and reported first. The 
present communication will deal with an extension of the original obser- 
vations on the effect of inhaled marble dusts. As these experiments 
generally parallel those previously reported, we will here be concerned 
only with the relatively early changes induced by the inhaled dust and 
with the effect of such changes in modifying the pathology of a super- 
imposed primary inhalation tuberculosis. 

The marble dust has been generously furnished in large quantities 
by the Vermont Marble Company. Physically, it is a very fine white 
powder which shows a definite tendency to pack into a firm mass. When 
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agitated, a fine cloud arises which remains suspended in the air for some 
time. Viewed under the microscope the dust particles consist of broken 
: e fragments of flat crystalline plates; with crossed Nicol prisms the plane 
a of light is rotated. Micrometer measurements of particles small enough 
to remain suspended in the air show that they vary from twelve micra 
to less than one micron in maximum diameter, the majority being less 
than eight micra. When treated with dilute acids, there is a marked 
evolution of gas. The following quantitative analysis was made from a 
sample of dust: 


Insoluble residue (organic and silicious ash)...............cecceeeceeees 3.51 


The insoluble residue was further examined in two separate samples. 
The first was a sample of 10.9322 gm. of the fine dust which had settled 
on the woodwork of the machine, that is, dust which had once been 
suspended in the air and which was presumably fine enough to be inhaled. 
The insoluble residue, after ashing and treatment with dilute hydrochloric 
acid, was 2.4 per cent of the original weight. On treatment with hydro- 
@ fluoric acid, there remained 1.39 per cent, indicating that the ash con- 
| tained 1.01 per cent of silica. A second sample taken directly from the 
stock of dust yielded 3.43 per cent of residue, 1.9 per cent of which was 
silica. Thus we may affirm that the marble dust contains at least 1 per 
cent of silica. 

An analysis by Penfield (4) of white calcite marble from the Colum- 
bian Quarry at Proctor, Vermont, is appended for comparison: 


Silicious matter insoluble in acids... 0.630 


In comparing the two analyses, it is of interest to note that the sample 
from which our analysis was made contained such high proportions of 
magnesium and silicious matter. But Dale quotes several analyses from 
different quarries which show even more variation. One sample analyzed 
by Eakins (4) of white calcite marble from West Rutland, Vermont, 


CO: 38 .90 
Meo 


MARBLE DUST AND PULMONARY TUBERCULOSIS 785 


contained 8 per cent of insoluble matter. On the other hand, these 
analyses were probably made from samples of pure marble, while our 
dust, being swept from the floors of the cutting sheds, must contain 
fragments from various rocks encountered with the marble. However, 
this is the dust the cutter is liable to inhale, so that the conditions of the 
experiment are in this respect comparable with those in the industry. 

Guinea pigs were exposed to the inhalation of this marble dust in a 
chamber constructed on the plan of that illustrated in the first paper for 
the delivery of granite dust. A study of this and other dusts now being 
employed in similar dusting chambers has been made with the aid of a 
Palmer apparatus, for the use of which the writers are greatly indebted 
to the U. S. Public Health Service. The details of this work will be 
published in a subsequent communication, but a summary of the results 
on marble dust are of interest in this connection. The following figures 
are the average of four separate 60 cubic foot samples taken with the 
inlet of the Palmer apparatus placed at the vertical centre of the dusting 
chamber. The rate of sampling varied from 2.7 to 3 cubic feet per 
minute. 


Number of particles, Number of particles, Number of particles Milligrams of dust 
¢standard unit,per  3standardunit,per under 1.5 yw in per cubic foot of 
cubic foot of air, cubic foot of air, diameter per cubic air, 

(X85), (X410), foot of air, 
44,734,000 180,500,000 135,760,000 5.868 
(4 standard unit is a particle, the diameter of which is 10 X 10 u or less.) 


It will be noted that the count in the first column was made with a 
magnification of 85, while the second column is a determination with a 
magnification of 410. In the first instance the suspension was placed 
in a Sedgewick-Rafter counting cell; in the second it was necessary to 
substitute a haemocytometer counting chamber. The third column, 
which represents the numerical difference between the second and first, 
has been tabulated to indicate the large number of particles below 1.5 u 
in diameter. Although in industrial determinations the 4 standard 
unit particle is the smallest which is deemed practical to consider, yet, 
as such a large proportion of the dust employed in this experiment was 
much smaller, it has seemed advisable to measure and tabulate it. In 
the third column it will be seen that there were over 135 million such 
particles per cubic foot of air. For purposes of comparison with indus- 
trial reports we must refer to the } standard unit particles given in 
the first column. Winslow, Greenburg, and Angemeyer (15) state 
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“that the dust content of a polishing shop can be kept generally under 
300,000 small + standard unit particles per cubic foot of air and should 
not average over 200,000.” As the number of } standard unit particles 
in the experimental atmosphere (determined with the standard magnifi- 
cation) was approximately 45 million per cubic foot, a simple computa- 
tion will show that we were exposing animals to an atmosphere which 
contained approximately 220,000 times as many dust particles as is de- 
sirable for human beings to breathe. 

As infecting agent the low virulent human strain of tubercle bacilli, 
R1, has been employed, the animals being infected by the inhalation 
method as previously described (1). The course of inhalation tubercu- 
losis produced by this strain in normal guinea pigs has been previously 
described (7). In this paper attention was called to the fact that 
typical caseous intrapulmonary tubercles would be formed one month 
after infection, but that progressive disease did not occur. On the 
contrary resolution followed, so that by the sixth or seventh month all 
traces of the specific lesions had disappeared. This and all other 
technical procedures were carried out precisely as in the granite experi- 
ment, with the exception that formaldehyde or alcohol has been 
occasionally used as a tissue fixative. 

This study comprises three different groups of guinea pigs. ‘The first 
series, of Baldwin’s original experiment, was composed of only 12 animals 
which had been infected by the inhalation of a heavy cloud of dried 
R1 bacilli seven months previously. Three of these animals, killed 
before commencing the dust exposure, showed that their pulmonary 
infection was, at that time, represented only by subpleural masses of 
scar tissue. The remaining 9 guinea pigs were subjected to an atmos- 
phere of marble dust for from four to ten hours daily over a period of ten 
months. The dusting chamber had not at that time been perfected and 
the dust concentration was not determined. It is probable that its 
average was much below that described above. Five of the 9 guinea 
pigs were killed during the course of the marble inhalation and the re- 
maining 4 from two weeks to two months after its cessation. Histologi- 
cal study of the lungs showed that marble inhalations could exert some 
influence even upon lesions such as these which were already in the scar- 
tissue stage at the time when dusting was commenced. The evidence 
of such influence was manifested by the persistence of the scars through- 
out the course of the experiment, a period of one and one-half years. 
Although no infection controls were available for this particular experi- 
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ment, previous experience would indicate that no intrapulmonary evi- 
dence of the infection persists so long after inhalation with this microérgan- 
ism. The tracheobronchial lymph nodes showed the usual involvement, 
areas of fibrosis interspersed with scattered or diffuse foci of caseation. 
One animal died of a concurrent, chronic organizing pneumonia and 5 
others showed some evidence of this disease. 

A second series of 24 guinea pigs was divided into three subgroups. 
One-third of the animals (Group A) was infected by the inhalation of 
R1 bacilli on the day before being placed in the dusting chamber. The 
other two-thirds (Groups B and C) were exposed to dust for two months 
and were then infected; Group B was set aside without further treat- 
ment, while Group C was subjected to a further dust inhalation over a 
period of two and one-half months. The animals of Group A were 
killed after twenty-three to forty-six days: that is, during the course of 
the inhalation. In such a brief exposure there was no appreciable altera- 
tion in the character of the tuberculous lesions, but as will be seen below 
the number of these lesions showed a definite increase. 

All the animals of Groups B and C were killed two and one-half months 
after infection. At autopsy it was found that the lungs of those animals 
subjected to dust inhalation for two months previous to their infection 
showed intrapulmonary tubercles which were slightly larger and definitely 
more numerous than those of the normal controls. The change was not, 
however, nearly as marked as was noted in the corresponding granite 
series. It was observed that in these inhalation infections with bacilli 
of low virulence the number of subpleural tubercles furnished a very sat- 
isfactory index of the extent of pulmonary disease. The lesions usually . 
remain discrete and can be readily counted: on section of the lung the 
amount of deep involvement, if present at all, tends to parallel that 
found on the surface. Counts were made of the subpleural tubercles 
in the animals exposed to marble, to granite, and of those in the normal 
infection controls. The following are the averages of the counts of eight 
lungs in each group: 


GROUP A GROUP B 


GROUP C 
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It can thus be graphically demonstrated that marble dust exerts a 
very definite influence on the incidence of pulmonary tubercles, although 
it is not as marked as that exerted by granite dust. In addition to in- 
creasing the number of surface tubercles, both of these dusts stimulate 
the formation of tubercles deep in the lung. A dozen cross sections of a 
simple infection control disclosed two or at most four deep tubercles in 
the whole lung, while in the marble animal each section showed from one 
to four such lesions, and in the granite series there were five or six 
tubercles to each section. Obviously, it is impossible to give compara- 
tive figures for the number of tubercles in the depths of the lung tissues. 
Apparently the number of tubercles varies directly with the intensity and 
duration of action of the superimposed stimulus. Marble dust may be 
considered to exert a relatively mild, though definite, stimulation. 

Not only was the number of intrapulmonary tubercles increased, but 
the size of the individual lesion was greater. The microscopic picture 
afforded an explanation of this observation. As in the granite animals, 
about the periphery of each tubercle, although to a somewhat lessened 
degree, there was a peripheral zone of alveoli, the lumina of which were 
partially filled with cell plaques. The amount of foreign material in 
these plaques was comparatively slight, however. Such a zone would not 
only increase the size of the lesion but might tend to retard the healing 
process. The only difference noted between Groups B and C was that 
in the latter, in which the animals remained in the atmosphere of dust 
during the course of development of their tuberculosis, the number of 
tubercles was slightly increased and that this peripheral zone of cell 
plaques was slightly increased in width. In all other respects the two 
groups were the same. The tracheobronchial lymph nodes showed 
distinctly less tuberculosis than did those of simple infection controls, 
due to the fact that more bacilli were retained within the lung and were 
not drained to the nodes. 

In a third experiment 14 guinea pigs received a preliminary R1 
inhalation infection. On the following day these animals, together with 
11 normal controls, were exposed to the inhalation of marble dust which 
was continued for seven and one-half months, with an average daily 
exposure of eight hours. During this exposure 2 animals had died and 
4 had been killed. On the day following the cessation of the dust ex- 
posure one tuberculous and two control pigs were autopsied: two months 
later two pairs consisting of control and experimental animals were 
likewise examined. As the gross lesions in none of these animals were at 
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all striking, the remaining 12 were again subjected to a forty-nine days’ 
dust inhalation when, owing to lack of power, the machines were stopped. 
Two animals received a third inhalation of two months’ duration. 

To recapitulate: Six animals were killed during the course of the 
primary dust inhalation, 4 at its termination and 4 two months later. 
Two and one-half months after the first inhalation ceased a second was 
commenced and 4 guinea pigs were killed during its course. Twenty- 
one days after the termination of this second exposure 4 more were 
sacrificed, and thirty-nine days later 2 others were killed. The 2 animals 
which survived the two previous inhalations received a third and were 
killed four months after their last exposure. 

Histological study of the lungs of the animals of this series showed 
that at five months resolution was well under way, and that caseation 
had almost disappeared, the lesions being composed largely of scar 
tissue. When contrasted with simple infection controls (7), it becomes 
evident that the onset of resolution was delayed by two months in those 
animals which were made to inhale marble dust. At six or seven months 
the controls showed practically no traces of intrapulmonary tubercles, 
whereas the experimental animals still presented healing lesions. This 
retardation of the process of resolution was likewise present in the granite 
series, but to a much more marked degree. In them there was little or 
no evidence of healing even at seven months after infection. Unfortu- 
nately, for purposes of comparison the two series were no longer parallel: 
the granite guinea pigs had all been killed after seven months’ exposure 
to dust, whereas some marble guinea pigs were allowed to survive for two 
years and were exposed to dust at intermittent intervals. The former 
showed caseous tubercles at seven months, but the time required for 
resolution to occur was not determined: in the marble animals resolu- 
tion had begun at seven months but masses of fibrous tissue persisted 
throughout the full two-year period. 

After one year the 3 guinea pigs of the marble series were killed. All 
showed subpleural scars, and in a single tubercle in one animal there was 
an inspissated mass of caseous matter. At the end of two years 2 
animals survived; one of these at autopsy presented marked pulmonary 
oedema, which was confirmed microscopically and a few small subpleural 
scars were also detected. In the tracheobronchial lymph nodes were 
healed fibrous lesions showing no traces of caseation. The other animal 
was suffering from a generalized, chronic ulcerative tuberculosis, with 
beginning cavitation in the lungs. Tubercle bacilli were numerous. 
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There was no infection control surviving to be killed with these 2 marble 
animals, but generalized chronic tuberculosis is exceedingly rare after 
R1 inhalation infections. Once or twice previously it has been en- 
countered in other experiments, but the determining factors could not be 
ascertained. 

To avoid complication in description, no allusion has been made, up 
to now, to any lesions other than those of the tuberculous process. The 
phagocytes in the animal exposed to marble were round or oval in shape 
with one, two or three nuclei. As a possible indication of their origin, no 
mitotic figures in lymph or blood vascular endothelium could be de- 
tected, but morphologically these cells differed in no respect from those 
encountered in the granite experiment. The cells were empty, or they 
contained a few sharp needle-like crystalline particles which were doubly 
refractile and suggested crystalline silica. Such particles were relatively 
few, however. Macroscopic greenish-black deposits were found in 
the tips of the cephalic lobes of guinea pigs killed ten months after 
starting the inhalation and they were found in all the animals killed 
thereafter. 

One month after starting the inhalation the lungs showed only three 
or four phagocytes in a low-power microscopic field. ‘Throughout 
the first exposure these cells steadily increased in number, until after a 
lapse of six and one-half months the number of intrailveolar dust cells 
became too numerous to count. One month later practically all of 
these phagocytes had disappeared from the air spaces of the lung and 
were collected within hyperplastic masses of lymphoid tissue. With each 
subsequent inhalation the phagocytic dust cells accumulated within the 
alveoli, but after a month’s time they had almost completely disap- 
peared into the lymphoid tissues. The number of these dust-laden 
cells in the tracheobronchial lymph nodes steadily increased senate seated 
the experiment. 

The behavior of the phagocytes in this experiment was strikingly 
different from that of the granite dust cells. There was no evidence of 
proliferation suggesting their point of origin: they were much fewer in 
number; and, finally, these phagocytes of the marble series did not pre- 
sent the picture of mass migration through the air passages to the lym- 
phatic areas which was the rule in the granite series. They did reach the 
lymphoid tissue but, being fewer in number, this migration was not so 
appreciable. Their pigment content was so small that they could be 
readily detected only in very faintly stained sections. Where infection 
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was also present,’small numbers of the dust cells collected in small 
plaques about the tubercles, but not to the degree encountered in the 
granite series. 

In order to avoid the possibility of overlooking small deposits in thin 
paraffin sections, relatively thick slices were cut with a razor and cleared 
by the Spalteholz method as Willis (19) has described in his study of 
spontaneous guinea pig anthracosis. In such preparations dark deposits 
were occasionally found beneath the pleura, but when they were treated 
with dilute hydrochloric acid there was no evolution of gas and the pig- 
ment remained unchanged. Furthermore, staining with 5 per cent 
silver nitrate (V. Kossa’s calcium stain) failed to give a typical brown- 
black color. Wells (17) has called attention to the fact that this reac- 
tion with silver nitrate is not a microchemical test for lime salts, but he 
states that this substance forms a precipitate with phosphates, chlorides 
and many other fatty acid radicles, which turn black when exposed 
to light. When the phosphorus compound has combined with calcium 
salts to form calcium phosphates a similar color reaction occurs and in 
consequence this test may be an indicator of the presence of lime salts. 
Therefore, while a positive color reaction will not positively identify 
such substances, a negative reaction will definitely exclude the presence 
of calcium phosphate. Because the pigment in the lungs of these animals 
was unaffected by dilute acids and because this pigment failed to react to 
5 per cent silver nitrate in a typical manner, it was apparent that this 
foreign material was not a calcium compound but that it was of some 
other nature, possibly silicious. 

True calcification was frequently encountered in the caseous lesions 
of the last experiment, but never in the first two series. Its incidence was 
irregular, and not all the caseous foci in a lung showed typical staining 
with haematoxylin or with silver nitrate. The amount of calcification 
varied directly with the duration of the exposure to the dust. It was 
detected in 7 of 10 tuberculous animals killed five months or more after 
infection, three times in the tracheobronchial lymph nodes and four 
times in the lung. Although it was not seen in the other 3 animals, it 
seems more than likely that if all the tubercles had been examined some 
calcification would have been detected. The earliest deposits found were 
in a guinea pig killed five and one-half months after infection, while the 
largest deposits occurred in that animal with chronic ulcerative tuberculo- 
sis which was killed after two years. While only a certain number of the 
tubercles in the animals of the series showed calcification, its incidence 
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here was nevertheless much greater than has been noted in any of our 
previous work. ‘The normal control series showed no evidence of calcare- 
ous deposits; and, in looking for such lesions in the lungs of other experi- 
mental animals, only one was found in which calcified tubercles could be 
detected. This was a guinea pig which had died eight and one-half 
months after a heavy inhalation infection with this same strain of tuber- 
cle bacillus. No other animal of the series which had died previously 
(and there were 20 of them) showed any trace of it. In this case 
practically all of the subpleural tubercles showed a deposition of lime 
salts, which were identified by V. Kossa’s silver nitrate stain. 

As the result of marble inhalation, calcification appears in its usual 
form, first as fine scattered deposits giving a typical haematoxylin 
or silver nitrate color reaction, and later, on the addition of fresh incre- 
ments of lime salts, as extensive areas of dense angular masses. ‘This 
change occurred only in the infected animals: and in them deposition 
occurred in the caseous centres of tubercles and in the bronchial cartilage. 
It was possible to identify the deposits in cartilage as calcium phosphate 
by the use of V. Kossa’s stain in two instances where the tissue had been 
preserved in formaldehyde. The lungs of' the other 8 were, unfortu- 
nately, fixed in Zenker’s solution, and, although the cartilage frequently 
showed irregular areas rather densely stained with haematoxylin, yet it 
could not be maintained with certainty that such areas were calcified. 
Of 11 normal animals exposed to marble dust 6 were fixed in formalde- 
hyde; in none of these could any evidence of such a change in the bron- 
chial cartilage be detected. There were no calcium deposits in the elastic 
tissues or smooth muscle cells of the lung, nor was there any evidence of 
calcification in the striated muscle or other viscera. ‘The ductless glands, 
thyroid,. parathyroid, thymus and adrenals, the heart, liver, kidneys, 
spleen and bone marrow were carefully studied, but in no organ could 
any lesions be demonstrated. The incidence of endemic pneumonia, 
while high, has been no greater than in any other experiment. 

It is interesting to note that Katase (9) has described the elimination 
of calcium salts by way of the bronchial epithelium. He maintained 
that such elimination occurred even when calcium was injected at points 
remote from the lungs, such as the peritoneum or the subcutaneous 
tissue of the groin. With his work in mind it seemed likely that in 
our own experiments, where the calcigerous dust was introduced directly 
into the air passages, large amounts might be eliminated by this path. 
But in this respect we were unable to agree with Katase’s observations. 
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The lungs of our animals did show heavy granular deposits in the epi- 
thelium of the main bronchi and their larger branches. Such deposits 
were stained deeply with haematoxylin and might possibly have been 
mistaken for masses of calcium. But it was noted that their distribution 
was confined to that portion of the bronchial tree which contains goblet 
cells. Sections stained with Meyer’s mucicarmine gave typical reac- 
tions for mucin and furthermore V. Kossa’s stain gave no reaction. 
We were therefore forced to conclude that, as far as our material was 
concerned, there was no evidence of excretion of calcium phosphate 
through the bronchial mucous membrane. The distribution of the 
masses staining deeply with haematoxylin and their reaction to muci- 
carmine suggests that Katase may have mistaken mucine for calcium 
in the bronchial mucous membrane. 

As is the case when any foreign substance is introduced into the lung 
parenchyma, lymphoid hyperplasia was the rule following the marble 
dust inhalation, although the size of the nodules was not as great as 
that which followed the inhalation of the more irritating granite dust. 
There were frequent peripheral masses of lymphoid tissue at the distal 
ends of the ductuli aveolares and at the junction points of veins, which 
rapidly increased in size and showed many mitotic figures early in the 
course of the exposures, but which later became quiescent and persisted 
as large masses of lymphocytes. In addition there were sheaths of 
lymphoid tissue about vessels as observed in the granite animals and as 
Willis (19) described in animals with spontaneous pneumokoniosis. 
All of this lymphoid tissue contained small numbers of dust-filled 
cells. 

The outstanding feature in the study of the lungs of these animals 
exposed to heavy inhalations of marble dust is the absence of large 
amounts of foreign material within the tissues. That it is possible, under 
the conditions of this experiment, for dust to reach the alveoli of the 
guinea pig’s lung in large quantities has been demonstrated by the work 
on granite inhalation. That the particles of marble dust are small 
enough to penetrate into the alveoli has been demonstrated by actual 
measurement, 75 per cent of the particles being under 1.5 micra in 
diameter. Furthermore the number of these small particles was greater 
in the atmosphere of the marble chamber than in that of the correspond- 
ing granite chamber, the actual figures being 135,766,000 and 121,552,000 
respectively. In spite of these conditions the lung of the animal exposed 
to granite dust shows macroscopic deposits which are composed largely 
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of silicon oxide, while in the lung of the marble animal, on careful micro- 
scopic observation, only occasional cells can be detected which contain 
small amounts of amorphous material and even smaller quantities of 
substances which are doubly refractile with the polarizing microscope. 

To eliminate the possibility that the calcium salts may have been dis- 
solved by reagents used to preserve the tissues, a variety of fixatives, 
including alcohol and formaldehyde, have been tested, and with none of 
these was it possible to find any larger collections of dust. Frozen and 
free-hand sections likewise failed in this respect. We may, therefore, 
eliminate technical manipulations as a cause for failure to detect this 
dust in the tissues. The obvious conclusion to be drawn is that the 
largest part of the marble dust is dissolved either before or after it reaches 
the lung tissue. Where the solution occurs cannot be definitely asserted, 
but by analogy with the granite series it seems likely that much of the 
dust penetrates to the depths of the lung. Furthermore, it has been 
shown (16) that calcium salts are readily soluble in the presence of an ex- 
cess of carbon dioxide. The blood is at all times giving off large amounts 
of this substance into the alveolar air and it seems probable that, due 
to the fact, the calcium carbonate, which composes nearly 90 per cent 
of the total volume of marble dust, is dissolved and passes into the 
tissues or lymph circulation. .Chemical studies on the calcium content 
of the blood and tissues of animals exposed in this manner are now being 
made, and it is hoped that it will be possible in the near future to throw 
more light upon the ultimate disposition of the calcium salts introduced 
by inhalation. 

To study further the reaction of the body to marble dust, 1 cc. of a 
heavy suspension was introduced subcutaneously into the groin of 
several guinea pigs nearly every day over a period of forty-five days. 
When the tissues were studied microscopically only occasional minute 
foci of foreign-body reaction could be detected at the site of inocula- 
tion. This experiment, which will be reported in detail at a later date, 
readily demonstrates that the major portion of marble dust is soluble in 
the extrapulmonary tissues. 

While most of the dust is soluble in the body fluids, there is evidence to 
indicate that a small residue remains which excites a local cellular reac- 
tion. In the lungs, a few phagocytes respond and appear in the alveoli; 
these cells contain crystalline doubly refractile particles. In the tissues 
of the groin there are occasional small groups of foreign body giant 
cells and smaller phagocytes. On reference to the chemical analysis 
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in the early portion of the paper, it will be noted that after ashing there 
was a residue of 3.51 per cent; analysis of this ash yielded 1.01 parts of 
silicious matter. ‘The reactions of the body resemble in kind those 
produced by the silica of the granite dust, so that it seems not at all 
unlikely that the changes in the lung represent the response to repeated 
inhalations of small amounts of silicious matter contained in the marble 
dust. 

The occurrence of calcification in the tubercles of an animal which 
rarely shows such calcification is of interest, especially since clinical 
experience has shown the futility of attempting to accomplish this 
very thing by the administration of various calcium compounds. While 
by no means a constant feature throughout the experiment, it has never- 
theless been demonstrated that an excess of calcium salts may be in- 
troduced into the body by this method and that they may then be de- 
posited in previously injured tissue. Had the dust inhalations been 
uninterrupted throughout the entire two-year period, it seems not 
unlikely that more extensive deposits might have been formed, as they 
were heaviest in those animals which had received three exposures. 
While it has not been proved that in pulmonary tuberculosis there is any 
injury to the bronchial cartilages, yet calcification of this tissue was found 
only in the tuberculous animal. Other experimenters have produced 
calcification, apart from tuberculosis, by the introduction of various 
calcium salts into different parts of the body; some of them have deemed 
a preliminary injury of the tissues necessary for this to occur, but Katase 
(9) demonstrated calcification in uninjured tissues. He introduced 
relatively large amounts of different calcium salts into the animal’s 
body by various routes and in each case found deposits in remote organs. 
To obtain such a result he postulated the use of a single large dose. 
Tanaka (14), who also studied the subject experimentally, thought that no 
cumulative effect could be obtained from repeated small doses, although 
he demonstrated that there was an excess of calcium salts which re- 
mained dissolved in the blood serum for ninety days after its adminis- 
tration. Our own experiments would indicate that by the inhalation 
method repeated small doses of a calcigerous dust can result in the cal- 
cification of tissues previously injured, but that in normal tissues no 
deposition occurs. 

In a personal communication, Wells called attention to the fact that 
the blood is at all times nearly saturated with lime salts. He believes 
that, if a supersaturation obtained by artificial means were possible, 
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the calcium might be deposited in the tissues as it is in metastatic 
calcification. In this disease process he has shown (18) that an excess of 
lime salts, derived often from a destructive bone lesion, is taken up by 
venous blood and is held in suspension because of its high carbon dioxide 
content. After the loss of the greater part of this gas in the lungs the 
aerated arterial blood is unable to maintain this supersaturation of 
calcium and, in consequence, precipitation occurs and lime salts are 
deposited in the tissues adjacent to the pulmonary veins, the left heart 
and the arteries, and also in the stomach and kidneys. He has called 
attention to the fact that these are points at which acids are excreted 
from the body. The aerated blood returning from the lung, low in 
carbon dioxide content, would therefore offer a poor medium for the 
solution of any excess of lime salts. If this reasoning be correct, we are 
forced to assume that lime salts are dissolved in the lymph of the lungs 
and are again precipitated in the diseased tissues. The fact that the 
deposits are formed within avascular structures like the caseous centre 
of a tubercle lends support to this argument. The direct deposition of 
calcium carbonate from the inhaled marble dust is eliminated by the 
observation that the deposits increase in amount after discontinuing the 
dust exposure. 

Increase in the size and number of the tubercles, above those of the 
normal animal similarly infected, suggests that a mild “stimulation” 
is exerted by the marble dust employed in this experiment. The result 
is an approach to that already described in the paper on the inhalation of 
granite dust. The detection of a certain amount of silicious matter in 
this marble dust may very well explain the effect obtained. The inter- 
pretation of this “stimulation” is as yet lacking. While the amount of 
silicious matter in the dust employed may be high, yet this dust was 
obtained directly from the industry and might well have been inhaled 
by the cutter. In so far as the marble is embedded in silicious rock, its 
dust would be dangerous for a workman to inhale, for repeated exposure 
might ultimately result in a more or less severe silicosis with a conse- 
quent tendency to pulmonary tuberculosis. 


SUMMARY 


Under the conditions of this experiment on guinea pigs it may be con- 
cluded that the greater portion of inhaled marble dust is soluble in the 
lung tissues; that the inhalation of this dust during the progress of a 
preéxisting tuberculosis will be followed by the calcification of a certain 
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number of the pulmonary and tracheobronchial lymph node tubercles: 
that the insoluble silicious matter found in the dust will produce a moder- 
ate degree of silicosis after prolonged exposure; that this silicosis will 
in turn render the pulmonary tissues in some unexplained manner more 
susceptible to infection with the tubercle bacillus; and that the tubercles 
produced by the low virulent R1 strain of bacilli will, as a result of this 
silicosis, pursue a chronic course manifesting a definite delay in the reso- 


lution process. 
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STUDIES ON TUBERCULOUS INFECTION 


IX. THE INFLUENCE OF THE INHALATION OF COAL DUST ON 
TUBERCULOUS INFECTION IN GUINEA PIGS 


HENRY STUART WILLIS 


From the Kenneth Dows Tuberculosis Research Fund, of the Medical Clinic of the Johns Hopkins 
Hospital and University 


The evolution of our knowledge of the influence of dust upon lung tissue 
is a long story, some of the salient points of which have already been 
indicated in Study VIII (1) in this series of studies on tuberculous in- 
fection (2). This study made brief, introductory comment on the idea 
that the pulmonary lymph system plays a determining réle in the de- 
velopment of lung tuberculosis, and presented reasons for supposing 
that dust inhaled into the lungs will so modify the pulmonary lymph 
anatomy as to produce a telling influence on the localization and pro- 
gression of tubercle in the lungs of animals infected subsequent to dusting. 
The work demonstrated that dust particles, breathed into the lungs of 
animals under the natural conditions of cage life, find their way into the 
lymphatics and lymphoid tissue of the lung, where they in all probability 
incite anatomic (proliferative) reaction. For a review of the literature 
reference may be had to this paper as well as to that by Gardner (11). 

It will be remembered that Study VIII dealt with spontaneous pneu- 
mokoniosis of guinea pigs. These animals, when confined for a long 
time in cages in laboratory quarters, gradually come to exhibit the well- 
known markings of dust deposits in their lungs, which must result from 
the prolonged inhalation of the ordinary atmosphere in such an environ- 
ment. The Study was a preliminary step in an investigation of the part 
that experimentally produced pneumokonioses play in the origin and 
development of pulmonary tuberculosis. It sought to learn the distri- 
bution in the lungs of dusts inhaled under natural conditions and the 
changes that might be set up in the lungs by such dusts. 

The present paper describes the disposition and effects of experi- 
mentally inhaled coal dust and recounts work that was performed mainly 
to compare such end results with what occurs in spontaneous pneumo- 
koniosis and to prepare the ground for the experimental tuberculous 
798 
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infection of animals which might be previously treated with other dusts. 
In view of the fact that a large body of clinical and experimental evidence 
leads some to believe that carbon pneumokoniosis confers no predisposi- 
tion whatever to tuberculosis, it did not seem at the outset that we would 
be able to find any undue amount of tuberculosis in our animals that had 
been made to inhale coal dust before they were infected. Nevertheless, 
it seemed desirable to attempt to answer several questions, among which 
were: Can guinea pigs be made to inhale coal dust in amounts large 
enough to block the pulmonary lymphatics or to bring about abnormal 
relations in these vessels? If significant or decisive alterations of 
lymphatics can be produced, will these be prolonged or permanent? Can 
enough alteration be obtained by such means to favor the settling out of 
tubercle bacilli in the pulmonary lymphatics and thus prepare the soil 
for an unusual focalization in the lungs? 

In this work guinea pigs have been the animals of choice because 
experimental tuberculosis does not normally tend to affect their lungs to 
the extent noted in several other animals. The subcutaneous route of 
infection was chosen because this would minimize the danger of over- 
infection, such as would be likely to follow infection by inhalation. 
Coal pigment was used to produce anthracosis because it has apparently 
been shown to be a relatively bland dust, with little capacity to wound 
tissues directly, and it was desired to study the single etiological factor 
of the obstruction or distortion of lymphatics as contributing to the 
focalization of tubercle bacilli. 

The work which has been done on the relation of dust inhalation to 
tuberculosis falls loosely into three groups. Most observers hold that 
the lung changes induced by dust inhalation definitely predispose to 
tuberculosis. A second group maintains that dust as such is not wholly 
responsible for the high mortality from tuberculosis among workers in 
dust. Numerous workers have thought that the great danger from dust 
particles lies in their capacity to carry tubercle bacilli with them when 
inhaled and that the general hygienic and economic surroundings of 
workers in dust are matters of more importance in producing lung 
disease than is the inhalation of dust per se. The general insanitary 
conditions in the mines, the absence in them of such disinfecting agents 
as light and dryness, and the fact that the miners eat one meal a day 
underground with unwashed hands would, according to some, account 
fora great amount of tuberculosis among them. This is the belief of 
Watkins-Pitchford (3) concerning the gold miners of the Rand. He 
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based his opinion upon examinations of 250 specimens of sputum taken 
at random in the mines; he found that 15.2 per cent of these contained 
tubercle bacilli while of 120 specimens from above ground at the mines 
only 2.5 per cent showed bacilli. 

The third group attempts to show that certain dusts (mostly coal and 
cement) when inhaled set up a condition in the lungs which, instead of 
exerting a baneful or no effect upon pulmonary tuberculosis, actually 
act as a preventive to its development. As early as 1763 Clapier (4) 
reported having cured a case of consumption by causing the patient to 
live in a coal mine. Coal dust has been administered therapeutically 
by inhalation in the treatment of tuberculosis, and authors have reported 
a higher tuberculosis mortality rate among miners’ families than among 
the miners themselves. 

As has been indicated by many workers (Oliver, Moir, Haldane, 
Collis, and many others) the type of dust also has much to do with the 
seriousness of the intrinsic hazard of the dust itself and with its influence 
on pulmonary tuberculosis. ‘There is great variation in the tendency of 
dusts to predispose to tuberculosis and it is generally conceded that the 
hard dusts with sharp, angular edges do the most lung damage and are 
the most generally associated with tuberculosis. Beddoes (5) in 1799 
called attention to this when he observed that millers and others working 
in soft dusts are not predisposed to phthisis. 


PATHOLOGY OF PNEUMOKONIOSIS 


As mentioned above, it is pretty generally established that the nature 
of the inhaled dust has much to do with the development of pneumo- 
koniosis. Physical properties, such as hardness, angularity, etc., of 
particles of dust and their chemical powers as irritants are the basic 
factors in the production of reaction in the lung which all workers 
agree is essentially a fibrosis. ‘The properties of silica render it the most 
dangerous of all dusts. But Haldane (6) has recently suggested that the 
absorptive properties of dust particles have much to do with the rate at 
which they become phagocyted and eliminated. He has further reported 
that silica is not always a dangerous dust, especially when it is inhaled 
with coal dust. This belief is given further credence by the experimental 
work of Mavrogordato (7). 

According to the general report of the Miner’s Phthisis Prevention 
Committee of South Africa for 1916 (8), the earliest stage of the process 
is characterized by a slight proliferation of the alveolar epithelial cells, 
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which ingest the dust particles and which soon afterward tend to be shed 
and to appear in definite clumps in the small masses of lymphoid cells, 
where their presence incites the proliferation of fibrous tissue, which 
finally results in fine, beaded, irregularly nodular thickenings occurring 
at intervals ‘‘on the course of the perivascular and peribronchial lym- 
phatics.” With increase of this fibrous tissue, there is a gradual ob- 
struction of the lymphatics and a consequent further accumulation of the 
dust cells and a more diffuse fibrosis, which is seen in the alveolar septae 
and the adventitia of small bronchi and blood vessels (same report). 
This excellent presentation further points out the fact that gradually the 
subpleural lymphatics become thickened and that the tracheobronchial 
nodes develop fibroid changes early, soon after the thickening process has 
extended from the adventitia of the smaller air tubes and blood vessels 
to that of the larger ones. ‘‘We find that the distribution of the silicotic 
process 1s that of a ramifying fibrosis, which follows the distribution of the 
lymphatics accompanying the ramification of the bronchial and vascular 
trees, from their origin within the lobular region to the termination of the 
lymphatic system in the bronchial glands.” The process is slowly 
progressive and is characterized by a perivascular and peribronchial 
connective tissue proliferation producing, by altering the lung circulation, 
(1) “‘thickening of the alveolar walls, with constriction and perhaps ob- 
literation of the alveoli, and with catarrhal change, (2) thickening of the 
interlobular septa and (3) a more or less generalized fine thickening of 
the pleura and subpleural connective tissue.” The beading represents 
enlargement of the lymph tissue masses; occasionally these nodules 
gradually become enlarged and densely fibrotic: they then coalesce and 
in this way nodule and diffuse fibrous processes ultimately distort and 
replace much of the normal lung tissue. In the absence of the enlarging 
nodules the diffuse process ultimately effects the same results. 

A compensating emphysema usually develops in the less affected areas 
of the lung and “‘as a consequence, not only is the respiratory capacity 
directly reduced by obliterative changes, but the capacity of the lung to 
expand during inspiration is impaired,” and this explains the dyspnoea, 
“the cardinal symptom of silicosis.” 


TECHNIQUE 


In the work now to be reported, various technical measures were 
employed before the desired procedures were arrived at. Briefly stated, 
these procedures, together with a description of apparatus, etc., are as 
follows: 
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Apparatus: The apparatus used for exposing animals to dust, illus- 
trated in figure 1, is relatively simple. It consists of a wooden box 
24 X 3 X 33 feet. Through the longest diameter of this box and a little 
above the centre, on a line halfway across the front to back dimension, 
is an iron axle to which is attached a rectangular box-sieve made of 
no. 80 mesh copper screen. Through the top of the box a bent glass tube 
of 3-inch bore passes from a funnel above to the interior of the rotating 
box sieve. The dust is introduced into the funnel, reaches the sieve, 
and part of it, passing through the meshes at each rotation, falls on a two- 
winged fan and is in this way spread uniformly throughout the box. 
The front of the box consists of two glass doors of equal size. On the 
floor is a large pan which fits the bottom. A strong, heavy wire screen 
is supported just above the bottom of the pan, and this acts as a skeleton 
floor on which the animals rest during their stay in the dusty atmosphere. 
The animals are thus kept out of the fallen dust. The machinery of the 
box is operated by power from a §-horse power electric motor. The box 
as constructed is large enough to accommodate 50 guinea pigs without 
crowding. 

Animals: One hundred and twenty guinea pigs were used in the 
experiment. In most instances these were young animals (250 gm.) 
at the beginning. 

Dust: Very finely sifted soft-coal dust was the only dust used. 

Exposure to dust: Animals were exposed for various lengths of time; 
some of them for only one hour; others for twenty-four hours over a 
period of one week; still others for two and three and up to twelve 
months. The longest exposures ran for one year; and these animals 
were exposed four and five days a week for three hours a day and were 
kept in cages in the animal room when not in the dust box. 

Fixation and preparation of tissues: Routinely, the animals were 
killed by wringing the neck, the trachea was exposed, a cannula inserted 
through a nick in the wall of the latter and Zenker’s fluid was either 
allowed to flow into the lungs by gravity or was gently forced in by 
pressure from a syringe. At the end of the injection the trachea was 
tied off, the thorax opened, and the lungs removed. When it was 
desired to inspect the lungs in their fresh state, the organs were removed 
from the thorax before the fixative was introduced. Selected tissues 
were preserved in Kaiserling’s fluid. After fixation, blocks of tissue 
were cut with a razor and generally embedded in celloidin, and oc- 
casionally in paraffin, and were cut in series at thicknesses varying 


; 
q p 
kc 
we 
gr 
at 
1 fil 
so 
A 
an 
4 
int 
dif 
co 
q to 
the 


INHALATION OF COAL DUST 803 


from 5 to 200 micra. Some free hand sections were cut at 4 or 5 mm. 
At autopsy attention was given to the abdominal viscera, and enlarged, 
pigmented mesenteric nodes were routinely sought. 

Infection: Thirty-two of the animals which had been exposed for from 
three to twelve months, together with 8 normal guinea pigs, were inoc- 
ulated subcutaneously in the right groin each with 0.1 cc. of an emulsion 
of H 37.1. Exposures of the dusted animals were continued for thirteen 
weeks after inoculation when all animals (except 12 which died) were 


killed. 
INDUCED PNEUMOKONIOSIS 


Dust is found in the alveoli in animals exposed for one hour and killed 
immediately afterward. A few particles appear in alveolar epithelial 
cells and in cells lying loose in the alveoli. Dust in scanty amounts is 
found in the lymphoid tissue, but not in the tracheobronchial nodes in 
lungs of animals exposed thrée hours a day for eight days and killed 
thirty days after the last exposure. This is the earliest sign of dust in 
lymphoid tissue. When the animal is killed three months after twenty- 
four hours of exposure, the fresh lungs have a slight dusky tint and 
an ill-defined mottling. The dust cells tend to gather at irregular in- 
tervals in the interlobular? subpleural spaces. Numerous cells are 
apparently in the tissue space between apposite alveolar walls: a few 
lie in the lymphoid tissue and in the bronchial and blood vessel walls. 

During exposures of three hours daily for four or five days a week for 
three months, considerable dust accumulates. There is a blotchy, 
patchy, ill-defined ‘“‘marbling,” which is more marked in the cephalic 
lobes and pendant portions of the lung than elsewhere. The tracheo- 


1 The emulsion of H37 was made as follows: One loopful of a vigorous broth culture, three 
weeks old, was ground in a mortar for about three minutes. Physiological salt solution was 
gradually added to the amount of 15cc. The emulsion was then thrown down in a centrifuge 
at moderately high speed for five minutes and the slightly turbid supernatant fluid was 
filtered through sterile cotton. There were still a larger number of bacilli than was desirable, 
so the emulsion was diluted with an equal part of physiological salt solution and again filtered. 
A drop of the resulting filtrate contained an average of three bacilli to the oil immersion field 
and was without clumps. 

2 The term interlobular is used here with reservation. As Miller has pointed out, the 
interlobular markings of lungs having a thin pleura (as the guinea pig) are exceedingly 
difficult or impossible of absolute recognition. But the areas indicated here by the term 
correspond anatomically (in spatial relationship to bronchial terminations and blood vessels) 
to the interlobular areas in lungs where they are clearly discernible as marking the limits of 


the secondary lobule. 
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bronchial nodes have frequently acquired a grayish color and are usually 
slightly enlarged. Microscopically, a small amount of dust is seen in 
the lymphoid masses of the lung, but there is no demonstrable hyperplasia 
of this tissue, although the masses are somewhat enlarged. Occasionally 
one sees very small collections or ‘‘collars” of lymphoid cells around small 
blood vessels, and in these there are stray dust cells. In the tracheo- 
bronchial nodes deposits of dust are definite though small, and are for the 
most part scattered in the medullary region of the nodes. The some- 
what enlarged nodes show no new formation of fibrous tissue. 

Most of the particulate matter in the lungs of these animals is seen to 
be in free cells in the alveoli and in intact epithelial cells, while a moderate 
number of particles is lodged in dust cells scattered along the lymphatics 
of bronchi and blood vessels. This disposition is illustrated in figure 2, 
which is a camera drawing of a bronchus, near a point of division, and its 
surrounding tissues, from a specimen taken from an animal that died 
during the experiment after exposures running over three months. 
Besides lying in the adventitia of the bronchus, the particles are scattered 
diffusely throughout the section and are in relative abundance. 

If now we turn to figure 3, which depicts a section from the lung of an 
old, non-dusted animal that had acquired spontaneous pneumokoniosis, 
we find a somewhat different distribution. Here the particles of dust are 
not in such great abundance, and the significant feature of their distribu- 
tion is that most of them have been concentrated into one place at a dis- 
tance from the bronchial mucosa, so that they have now come to lie 
within the bronchial wall, very close to a dividing point in the situation 
of the lymphatics. 

The relations of the dust in the lung change but little when the animal 
- has had six months of exposure to dust. In the gross, the lungs after 
three and after six months’ exposure are similar, but the markings of the 
latter are more sharply defined. They begin at six months to resemble 
considerably the lung markings of old animals with normally acquired 
dust. In these longer exposed animals, numerous dust cells lie in the 
loose areolar tissue of the bronchial wall, along but not in lymphatics. 
The “collars” of lymphoid cells noted infrequently at three months’ 
exposure become a little more prominent around small air passages 
and blood vessels, here and there, and they generally show occasional 
dust particles. The lymphoid tissue at the hilum is moderately enlarged 
and contains dust in much the same relations as do these nodes with 
normally acquired dust, but in smaller amounts. 
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At ten to twelve months’ exposure, dust is plentiful in the lungs but 
not as plentiful as one would expect to find it. Dust is to be seen in free 
cells in the alveoli, in alveolar epithelium and behind it, in lymphoid 
tissue masses and along the course of lymphatics, under the pleura where 
it is irregularly deposited, and in the tracheobronchial nodes. The 
lymphoid masses in the lung and at the hilum have undergone some 
proliferation, but there is no fibrosis in either situation. One of these 
masses of lymphoid tissue lying between a dividing bronchus and artery 
is shown in figure 4. The tissue contains dust particles and shows 
moderate hyperplasia. The exposure had been continued for a year. 
The dust relations at the end of prolonged exposure are strikingly like 
those in the lungs of old undusted animals with spontaneous pneumo- 
koniosis, except that fibrous tissue develops in the latter while there is 
none in the former. 

Numerous small lymph islands develop in the lungs of the animals 
after long exposure to coal dust, but they become neither as large nor as 
numerous as they do in aged, non-dusted guinea pigs. The islands occur 
about small air passages and especially about small blood vessels and 
often appear unrelated directly to either. They nearly always contain a 
few particles of dust. A low-power camera drawing illustrating some of 
these masses is shown in figure 5. If this figure be compared with figure 
5 of Study VIII (1), which represents the island formation in an aged, 
non-dusted pig, it will be seen that the islands in the exposed animal are 
much fewer and smaller. 

Throughout these observations the striking similarity between the 
findings in aged, normal guinea pigs with spontaneous pneumokoniosis 
and those in guinea pigs that had been exposed to dust repeatedly sug- 
gested itself. But it 1s surprising that intensive dusting for relatively 
long periods does not produce a condition of pneumokoniosis as complete 
as that which develops spontaneously, if time is allowed. Itis also strik- 
ing that out of a group of animals one and sometimes several lungs 
contain a surprisingly scanty amount of dust. The individual variation 
is great. The result forces the conclusion that coal dust is a substance 
of but slight irritating capacity and that much of it undergoes solution, 
absorption and elimination. 


COAL DUST AND TUBERCULOSIS IN THE LUNG 


The guinea pig develops relatively scant pulmonary lesion, when in- 
fected subcutaneously with virulent tubercle bacilli, until late in the course 
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of infection. At ten days and more after infection there may appear in 
the pleura occasional, circular, discrete, sago-like areas of pin-point size, 
which infrequently grow larger than 1 or 2mm. in diameter. These now 
and again develop a yellowish, caseous spot in the centre. Twenty or 
thirty such areas represent an average count even fairly late in the course 
of the disease. The lungs are not discolored or voluminous. On the 
freshly cut surface one occasionally detects, in peribronchial and peri- 
vascular regions, firm, grayish tissue which as a rule surrounds the tube or 
vessel as a thick, eccentric wall extending irregularly out into the ad- 
jacent lung tissue. Such areas gradually extend their limits, but only 
uncommonly do they show frank caseation or suppuration. In these 
lungs the tracheobronchial nodes become enlarged, sometimes to enor- 
mous proportions: they are very firm and occasionally show small 
caseous points. 

As would be expected from the appearance in the gross, the lung tissue 
shows tubercle chiefly in two situations microscopically; these are (1) 
along bronchi and arteries, especially at or near points of division, and 
(2) in or near the pleura. The lesions related to the bronchi or arteries 
begin in the small groups of lymphoid cells at bifurcation points. These 
lymph masses become larger after infection and by proliferation at the 
periphery creep very irregularly along the walls of vessels or bronchi. 
Collateral proliferation of cells begins in the walls of adjacent alveoli; 
these walls become thickened; and, towards the middle of the cellular 
mass, cells and nuclei appear thinned out in an area that stains pale. 
Krause (9) has recently given an exact and detailed description of the 
formation of tubercle in lymphoid tissue (extrapulmonary), according to 
which the initial reaction is a rarefaction of the area in the neighborhood 
of the bacilli with disappearance of the lymphoid cells; later large epithe- 
lioid cells and lymphocytes appear. 

In the pleural and subpleural foci much the same sort of process. is 
observed. ‘There appears to be a rapid increase in the number of small 
round cells present at intervals under the pleura and along the very small 
branches of air passages and blood vessels; normally, these masses of 
cells are so small as to be frequently overlooked. The newly enlarged 
masses may be seen as early as five or six days after infection and may 
occur with irregular frequency at any level between pleura and main stem 
bronchus, but they are much more common in a zone that lies within 
3 or 4 mm. of the pleura. The subsequent course of these microscopic 
nodules is just that of any lymphoid tissue to which tubercle bacilli have 


been brought. 
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There is little that is atypical in the development of tubercle in the 
lungs of animals which have been exposed to dust. Some lungs in this 
experiment escaped infection entirely—in normal animals and in those 
which had been exposed to dust. Some were also found in both series 
with a more extensive process than the norm for each. Organ for organ 
the lungs which contain dust show on an average a larger number of 
tuberculous areas (about one-third more in a count of six lungs in each 
series) than those without dust. In the gross there is not a constant 
relation between the distribution of the dust and the location of tuber- 
culous lesion in the pleura though they are usually coincidental. But 
the lesion in the dusted lung, if more abundant, is somewhat more sharply 
set off from the normal lung tissue in the neighborhood and appears to be 
less ‘‘invasive.” Still the individual lesion in the dusted lung is larger 
than that in the nondusted organ. Figure 6 consists of two photo- 
micrographs of lung sections from infected animals; A is from a dusted, 
infected animal, and B is from one infected but not exposed to dust. 
Lesion in each is related to air passage and blood vessel and in A may 
be more sharply marked off from the lung tissue surrounding it. In 
A the lesions are larger. 

Dust particles are found within the tuberculous lesion and at its 
periphery. In the lesion they are present in small clumps or in lines, 
as though they had been laid down in a mass of lymphoid cells or in the 
wall of a vessel or bronchus. They are somewhat more abundant in the 
pleural and subpleural foci than elsewhere, and it appears that such 
lesions have occurred in the situations in which dust is prone to collect: 
namely, at the borders of the secondary lobules.? Where dust is seen 
(only infrequently) in the periphery of the lesion, it shows a tendency 
to encircle the lesion and this may, as suggested by Haythorn (10), 
stimulate the further formation of fibrous tissue which may limit the 
extension of the process. Figure 7 is a retouched photomicrograph of a 
subpleural lesion of a dusted lung. The dust is laid down irregularly as 
though the tubercle had developed about the dust deposits. 

The tuberculous process is practically always extensive in the tracheo- 
bronchial lymph nodes in infected guinea pigs and is apparently un- 
influenced by previous exposure of the animal to dust. As regards the 
size of the infected nodes, the extent of the lesion and the amount of 
tissue destruction, the situation of the lesion in the nodes and the amount 
of replacement tissue, the process is not greatly different in dusted and 
nondusted animals. This is not surprising, in view of the fact that there 


3See footnote 2, page 803. 
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is no production of fibrous tissue in these nodes after exposure to dust for 
as long as a year. These findings tend to confirm those of Gardner 
(11) who exposed guinea pigs to the inhalation of granite dust for various 
periods of time, subsequently infected them with tuberculosis and found 
that there is somewhat more lesion numerically and that the process of 
resolution of the lesion (he used R1 infection) was delayed in lungs of dusted 
animals. But they are not in accord with the results reported by certain 
other workers, notably Cesa-Bianchi (12) who exposed guinea pigs to talc, 
gypsum, coal, cement, etc., only to find that the animals developed 
pulmonary tuberculosis with marked cavity formation, while normals, 
when infected similarly, showed little or no tuberculosis. 


DISCUSSION 


Several interesting matters present themselves in these findings. 
The most conspicuous is that there is no development of fibrosis in lungs 
or tracheobronchial nodes after one year’s exposure to dust. This 
marked slowness of development is the more striking when one remembers 
that some degree of fibrosis is the rule in the tracheobronchial nodes of 
guinea pigs that have lived an ordinary cage life of two years or more. 
This causes one to think that the response to coal dust is a response 
rather of time than to mere quantity of dust, and that, after all, soft- 
coal dust is not as irritating to the tissues as it is thought to be by some 
observers. 

Another observation of interest is the fact that the lungs do not accu- 
mulate as much dust in a year’s dust exposure of an average of fifty hours 
a month as they do in two years or more of cage life where the oppor- 
tunity for dust intake in quantity is certainly much less. The rate of 
intake and the rate of elimination seem to more nearly approximate each 
other when the intake is great than when it is small. It seems that a 

considerable stimulus is required to set in motion the “eliminative 

faculties” (phagocytosis, perhaps exfoliation of epithelium, formation of 
boli of cells, dust, mucus, etc., or transmission of dust cells along 
lymphatics to and possibly past the tracheobronchial nodes). 

The lungs apparently contain relatively more dust after about six 
months’ exposure than at any other time. At this time a moderate 
amount of dust is seen in the various tissues of the lung and a perceptible 
lymphoid proliferation reaction is occasionally present. Bfit when the 
exposure has been continued for longer than six months, the dust seems 

simply to have been “‘seeded” or “settled” out in more sharply 


& 
{| 
i 
“4 
fe 
+ 
& 
4 
Ga 
4 


INHALATION OF COAL DUST 809 


demarcated areas, the amount is only slightly increased and only a few 
signs of further proliferation have occurred. Miller (13) has shown con- ° 
vincingly that the lymphoid tissue in the human lung proliferates con- 
siderably in the presence of dust particles; but attention is called to the 
fact that the lungs which he examined and reported represented periods 
of a number of years (from four days to thirty-eight years). 

Tubercle bacilli and dust particles tend to become located in the same 
anatomic situation, and the presumption is that the same mechanical and 
physiological forces which tend to place the one foreign body operate in 
the same manner toward localizing the other. ‘There is a striking coin- 
cidence in the location of both dust and bacilli in the lymphoid tissue 
associated with air-tubes and blood vessels. In the pleura there is a 
discernible relation. ‘The subpleural tubercle is frequently though not by 
any means always at the margin of the secondary lobule in the usual 
anatomic position of the subpleural collections of dust. 

There is probably some basis for the contention of Beattie (14), 
Haythorn (10), and others that the fibrosis which develops in response 
to the presence of certain dusts would tend to limit the spread of the 
infectious process and should be regarded as protective in that sense. 
But the converse is equally true: namely, that the fibrosis would also 
tend to focalize and to hold bacilli because lymph drainage would be 
interfered with; so, while one would find less extensive spread of infection 
from a focus in a dusted lung, he might expect to find a larger number of 
foci and possibly larger foci scattered through the organ. It is probably 
true that the lymphoid cell proliferation which results from the presence 
of the coal dust accounts for the somewhat larger number of foci of 
tubercle in the dusted lung, because they may interfere with lymph 
drainage and act as depots for holding the bacilli that gain the lymph 
circulation in the organ. But these differences are not very great, both 
as regards proliferation of cells and focalization of bacilli. 

There is less dust in the lungs of animals exposed to coal dust, less 
reaction to the dust, and less marked difference in the extent of tuber- 
culosis between the dusted and nondusted lung than one might with some 
reason expect to find, especially after one has an acquaintance with the 
condition in the lungs of old, nondusted animals. Studies are now under 
way with harder dusts, those which presumably cause more lung damage 
than coal, but these are as yet incomplete. 
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CONCLUSIONS 


1. Coal dust accumulates slowly in the lungs of guinea pigs exposed 
repeatedly to its inhalation. It tends to become localized in the alveoli 
and alveolar walls, under the pleura at intervals, in the lymphoid tissue 
situated along the air and blood passages and at the hilum, and along the 
lymphatics in the adventitia of these tubes and vessels. 

2. Practically all of the dust becomes intracellular very soon after 
inhalation. 

3. After an exposure of threemonths the lungs generally show moderate 
gross discoloration and mottling, but even after an exposure of a year 
there is never as much dust, grossly or microscopically, as there is in the 
lungs of normal, nondusted animals two years old or more. 

4. There is some lymphoid tissue proliferation in response to the 
presence of the dust but no development of fibrous tissue during the 
period of a year in which the animals were exposed to dust. 

5. After infection tubercle develops somewhat more abundantly in 
lungs of animals exposed to dust than in those of normal animals. The 
ratio is about as three to two. 

6. Dust cells usually can be found in and about foci of tuberculosis in 


dusted lungs. 


I wish to express my thanks to Albert Lutz, technician in the laboratory, for his help and 
ideas in the construction of the dust box. 
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PLATE 1 
Fic. 1. DRAWING OF THE Box IN WHICH THE ANIMALS WERE ExposeED TO Dust 
Further description is given in the text. The brush 0 is used to keep the meshes in the 
revolving box-sieve c open; d is a hopper into which all coarse particles of dust may fall from 
the sieve and through which they may be eliminated from the box; a, funnel; e, fan for 
spreading the dust which falls from the sieve; f, small fan to maintain a circulation of air 
within the box. X 1/10. 


Fic. 2. A CAMERA DRAWING OF A SECTION’ FROM THE LUNG OF A GUINEA PIG THAT Hap 


Hap THREE Montus’ Exposure To Dust 


The section is cut near a point of division. Dust particles lie in the areolar tissue of the 
branch and in the crotch of the dividing point (in the areas in which lymphatics course) as 
well as in the Jung parenchyma, especially in the aveolar walls. B,bronchus. X 70. Com- 


pare with figure 3. 
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PLATE 2 


Fic. 3. A CAMERA DRAWING OF A SECTION OF LUNG FROM AN OLD NONDUSTED GUINEA Pic 
The accumulation of dust in areolar tissue of the bronchial wall is shown. There is some 

dust in the wall of the pulmonary artery. A, pulmonary artery. B, bronchus. X 100. 

Compare with figure 2. 

Fic. 4. A RETOUCHED FHOTOMICROGRAPH OF A Cross SECTION VIEW OF A BRONCHUS AND 


PULMONARY ARTERY AT A Diviptnc Pornt SHOWING A Mass or LympnHorp TIssur 
CONTAINING Dust 


There is hyperplasia of the lymphoid tissue, but no mitosis can be distinguished. Nor- 
mally there should be but a few cells in this situation. The animal had been exposed to dust 
for one year (about fifty hours a month). JL, a dilated lymphatic surrounded by lymphoid 
tissue and bronchial wall; ZL’, markedly dilated lymphatics in arterial wall; B, Bronchus; 4, 
pulmonary artery in a state of extreme contraction. X 90. 
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PLATE 3 


Fic. 5. A Low Powrer CAMERA DRAWING OF A DusteD LuNnG SHOWING LympH TIssuE 
IsLANDs Eacu oF WaicH ContraAINS A FEw PARTICLES OF Dust 


Some of these are related to air tubes and blood vessels. Others have no obvious con- 


nection with these tissues. XX 25. Compare with figure 5 of Study VIII. 
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PLATE 4 


Fic. 6. PHOTOMICROGRAPHS OF SECTIONS FROM INFECTED Luncs, DusTED AND NONDUSTED 


A, dusted for eight months prior to infection. B, nondusted. The relation of lesion to 
bronchus and blood vessel is striking in each case. In A lesion is more abundant and more 
extensive than in B. It is the rule to find more abundant and more extensive lesion in the 
dusted lung and the contrast is usually, but not always, about as shown in the figure. There 
are exceptions, in which it is impossible for one to determine, by the number or size or charac- 
ter of the lesions, whether the animal had been exposed to dust. But these exceptions are 


uncommon. X 9. 
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PLATE 5 


Fic. 7. A RETOUCHED PHOTOMICROGRAPH OF A SUBPLEURAL TUBERCLE IN A Dustep Lunc 


Description is given in the text. XX 60 
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THE PULMONARY ASPIRATION OF PARTICULATE 
MATTER 


H. J. CORPER ann H. A. ROBIN 


Research Depariment of the National Jewish Hospital for Conswmptives, Denver, Colorado, 
and St. Mary’s Hospital, Pueblo, Colorado 


There have been many attempts to apply intrapulmonary medicinal 
therapy in diseased conditions of the lungs, but they have uniformly 
resulted in failure, either because they have proved of no avail after 
prolonged trial, or they have been recommended and applied without 
sufficient scientific data to denote just what the agent did and where 
it finally lodged and went to, after entrance into the air passages. Rosen- 
berg’s (1) intratracheal injection of medicinal agents for treating laryn- 
geal and pulmonary tuberculosis survived only for a short time, but 
even now it has an occasional supporter. The advent of the roentgen 
ray has helped to elucidate certain previously unknown factors in the 
gross distribution of substances, such as inhaled dusts or injected fluids 
in the lungs, but the finer details are not revealed even by this modern 
method. ‘Thus, also the bronchoscope has been recently used by 
Lynah (2) in the diagnosis and treatment of local diseased conditions 
in the lungs, but all this without the necessary information of what 
happens to the substance applied, in this case bismuth subcarbonate 
and olive oil. 

In spite of the failure of intrapulmonary medicinal therapy to date, 
may it not be that with further scientific observation and more complete 
data on the actual immediate and remote distribution of these medicinal 
agents and their effects upon the tissues, hope may still be entertained? 
Would it not be better to obtain more data on these points before apply- 
ing all sorts of diagnostic and therapeutic intrapulmonary injections? 
It is true that scientific literature contains excellent articles on pneumo- 
koniosis, but not until recently has there been correlation between ob- 
servations on the upper and lower respiratory tracts. Truly a compli- 
cated mechanism is being dealt with, which will require an immense 
amount of investigation, although some progress has been made. 
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Regarding the disposition of fluids containing particulate matter in 
the upper respiratory tract, Corper and Enright (3) found that, although 
the greater part of particulate matter (india ink and Bacillus prodigiosus) 
entering by way of the eye is subsequently swallowed and passes into 
the gastrointestinal tract, a small but definite portion of it finds its 
way into the larynx and trachea, where it may persist even as long as a 
week. In its passage from the eyes, the material traverses a definite 
channel, depending on which eye it has entered, and is found on the 
corresponding side of the nasopharynx and tonsil. Infectious material 
that is ingested is far less likely to enter the respiratory tract than that 
entering by way of the eye. More recently, Bloomfield (4), in studying 
the dissemination of bacteria in the upper air passages, found that 
Sarcina lutea or charcoal particles, implanted on various areas in the 
mouth and pharynx, adhered at the site of inoculation. The ingestion 
of a large glass of water following their introduction did not seem to 
remove more than a very few of the microdrganisms. Whatever the 
number removed, the latter were swallowed with the ingested fluids and 
not reimplanted on other parts of the mouth or throat, save for an oc- 
casional colony. Those put on the side of the tongue travelled along 
the same side with practically no spread across the midline, and those 
placed on the tonsil or pharynx did not come forward into the mouth. 

About ten years ago Saito (5), in studying the quantitative absorption 
of dust from air with a definitely known dust-content, found that 4 
to 24 per cent of the total amount of dust inhaled by animals went into 
the respiratory tract, the remainder going into the intestinal tract 
through being caught in the nose and nasopharynx and then swallowed. 
The total amount retained in the body was about 95 per cent of the 
inhaled dust. Sneezing acts as a protection against the accumulation 
of dust in the animal body. In men (6) about 2 per cent or less of white 
lead powder, inhaled through the nose, was exhaled again, about 51 per 
cent remaining in the nose and 3 per cent in the mouth: when inspired 
through the mouth about 80 per cent was retained in the lung. Fluid 
droplets of solutions of potassium iodide, sodium chloride or sodium 
chromate may be absorbed to the extent of 96 per cent (7). The exact 
site of absorption was not determined. 

In 1920 Mullin and Ryder (8) rather surprisingly found that fluid 
suspensions of carbon and tubercle bacilli dropped into the nose of 
rabbits entered the lungs with great ease. ‘“‘The technique was as 
simple as possible. The rabbit was held, usually on its back, with the 
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nose elevated, and about 1 cc. of india ink or bacterial emulsion allowed 
to flow into one nostril from a pipette inserted just far enough to insure 
the fluid entering the nose.” Thus they obtained almost entire blacken- 
ing of the upper lobes of the lungs, with many black spots irregularly 
distributed over the rest of the lungs, especially when the ink was given 
a number of times. The tuberculosis obtained in the same way involved 
the upper and middle lobes when the rabbits were killed after seven 
weeks. The histological distribution was not studied. 

The intrapulmonary distribution and fate of inhaled solids (soot or 
dusts) has been elaborately studied on account of its enormous indus- 
trial and economic significance. In an exhaustive article on pulmonary 
anthracosis by Klotz (9) in 1914 some important points on the inhalation 
of carbon pigment (smoke) are emphasized. The deposition of carbon 
pigment in the lungs from the dust-laden air is dependent upon the respira- 
tory function and the activity of the lymphatics. The inhaled air with 
its carbon particles is carried to varying depths into the lung tissue. 
Most of the foreign material adheres to the moist walls of the respiratory 
passages and never reaches the lung tissue proper. It is possible, and 
microscopical analysis seems to confirm this, that the foreign material, 
that adheres to the mucous membranes of the nose, pharynx, trachea 
and larger bronchi, is but rarely carried into the tissues of these tracts 
but, lying in the secreted mucus, is carried upwards and is eventually 
expelled. The relatively smaller quantity of dust and carbon which 
reaches the lung alveoli also becomes adherent to the moist surfaces 
of the alveolar sacs and then, by the activity of certain cells, is eventually 
carried into the lymphatics of the alveolar wall where it is disposed of 
by the lymphatic system of the part. The subsequent distribution is 
to a great extent determined by the site of absorption within the lung. 
The tendency of the absorbed carbon is to pass from the finer lymphatic 
channels of the alveolar walls to the larger passages, eventually reaching 
a lymph node, where the onward progress of the particles is impeded by 
the filtering action of this structure. In the main, the lymphatic drain- 
age of the entire lung converges at the hilum and passes into the peri- 
bronchial nodes located in this part. 

Anthracosis, according to Klotz, in young adults is more prominent 
in the apex of the upper lobe, the anterior border of the upper lobe 
and the posterior border of the upper and lower lobes, but in these 
areas the distribution is by no means uniform. ‘The unequal distribu- 
tion of the pigment upon the pleural surfaces has no direct relation to 
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the deposition within the lung. The lack of pigment upon the inter- 
lobar surfaces and in the rib grooves is only a superficial condition and 
does not affect the deeper underlying lobules. The earliest deposits 
are mainly in the perivascular lymphatics of the smaller branches of the 
pulmonary artery: subsequently, pigment appears in the regions of the 
smaller bronchi and venules. In all of these situations its presence 
becomes more marked with the increasing quantities of soot that are 
constantly inhaled. No evidence of excessive deposit in the deep tissues 
at the apex of the upperlobewasnoted. More pigment was found toward 
the hilum than at the periphery, regardless of the pleural distribution. 
In acute pneumonia the involved areas show less pigmentation, with a 
sharp line of demarcation from the more healthy tissues. In caseous 
pneumonia there is only a moderate amount of pigment in the caseous 
areas. In localized, chronic, caseous, tuberculous foci, the pigment 
deposit increases in direct proportion to the amount of fibrosis. The 
fibrosed mass may become intensely black. It is probable, as was shown 
by Haythorn’s experiments, that only those carbon particles lying within 
the alveolar sacs can reach a permanent interstitial abode and that little 
if any carbon is phagocyted and carried into the tissues from the bronchi 
or bronchioles. Furthermore, it would appear, both from experimental 
and other observations, that the carbon reaching the lung alveoli is 
only a very small portion of the carbon content of the air as inspired, 
and this portion has reached the lung because it escaped contact with 
the moist mucous surfaces of the respiratory tract. Carbon deposits by 
inducing fibrosis tend to encapsulate chronic tuberculous foci. 

Haythorn (10), reporting the histological evidences of the disease 
importance of pulmonary anthracosis, states that 


the fine particles seem to gain entrance into the lung substance by way of the 
air passages, and it has been stated by some that the mucous membranes of 
the nose, mouth, pharynx and larynx, trachea, bronchi and bronchioles con- 
tribute largely to the taking in of the pigment, but our observations tend to 
show that, in this community (Pittsburgh) at least, such is not the case. In 
the nasal cavities, the vibrissae and turbinates collect a great deal of carbon 
which is subsequently removed by the secretions, for in the examination of 
nasal polypi and strips of turbinate mucosa removed at operations we have 
never seen a single example of free pigment or pigment-bearing cells beneath 
the epithelial layer. . . . In the air passages below the larynx, pigment- 
bearing cells have frequently been observed, but these were either free in the 
lumen or were surrounded by bits of mucus and other cells and were not found 
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penetrating the epithelial layers. The amount of pigment phagocytosis in the 
air passages above the lung alveoli must be a negligible quantity. Carbon 
pigment once taken up by the cells remains intracellular indefinitely, unless 
freed by some process producing general necrosis of the tissues. The phago- 
cytic cells are not transient scavengers, but in a more leisurely manner gather 
their pigment load and transport it to the tissue spaces. The lining cells of 
the lung alveoli take little or no active part in the phagocytosis of carbon 
pigment. The process consists in the phagocytosis of the pigment within the 
lung alveolus by a cell, which is probably an endothelial leucocyte. The cell 
which takes the early active part in the formation of a tubercle is phagocytic 
for tubercle bacilli and for pigment granules and is probably an endothelial 
cell. The presence of pigment granules within these cells does not interfere 
with the cells taking part in the formation of a tubercle in the usual way. 
The presence of pigment-bearing cells in the connective tissue about tuber- 
culous lesions acts as an additional stimulus to fibrosis and encapsulation. 
The obliteration of the pulmonary lymph spaces in the anthracotic process is 
unfavorable for the local spread of tuberculosis, and aids in the localization of 
the condition. In acute inflammatory conditions where the lymphatics are 
important for proper resolution, anthracosis becomes seriously detrimental, 
because of the obliteration of the lymph spaces. 


A great deal of experimental work has been performed to discover 
the origin and disposition of the characteristic and important epithelioid 
cell of the tubercle and the opinions have finally crystallized into the view 
taken by Foot (11) in his excellent recent studies, which include experi- 
mental studies with india ink (carbon) and pulmonary tuberculosis. 
His views, which concur with those first expressed by Mallory and by 
Klotz and Haythorn, are that the epithelioid cell is of definitely endothe- 
lial origin. There is little evidence that the local tissue elements take 
an active part in the process of tubercle formation, until after the lesion 
is formed: the reaction is, in a sense, exudative, since the lesion is pro- 
duced from cells which migrate to the site of inflammation. The lym- 
phocyte appears late and is not to be considered as a potential epithelioid 
cell: its presence in the tubercles is as yet unexplained. Experimental 
tubercles are formed in the lung primarily by cells originating in the 
capillary endothelium. These cells are probably present in small num- 
bers in the normal lung, lying free both in the alveolar wall and the air 
vesicles. In response to infection they proliferate in the capillary walls 
in the vicinity of the invading microdérganisms, migrate in steadily 
increasing numbers, and, arriving at the site of the infection, further 
multiply and to some extent fuse to form the syncytia known as giant 
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cells. The epithelial cell takes no active part in the process: its prolifera- 
tion tends to repair denuded surfaces and is regenerative rather than 
combative or phagocytic in nature. This cell does not take up carbon 
(particulate matter), in contradistinction to the endothelial cell. The 
cells of endothelial origin not only phagocytose tubercle bacilli; but 
carry them into the tissues, for example into lymph nodes, by way of the 
lymphatics, or into other lung lobules by way of the air passages in which 
they are readily demonstrable. Foot’s studies were made on experi- 
mental subcutaneous tubercles in which the india ink and tubercle 
bacilli were injected together; on experimental pulmonary tuberculosis 
produced by the intratracheal injection of tubercle bacilli and carmine 
suspension, and the intravenous injection of india ink; and on experi- 
mental general miliary tuberculosis produced by the intravenous in- 
jection of tubercle bacilli and india ink. His conclusions as to the en- 
dothelial origin of the phagocytic cells of the lung tissue coincide in every 
way with those expressed by Permar (12), who also emphasizes the non- 
participation of the epithelium in these phenomena of phagocytosis (13). 

In hope of being able to utilize the intratracheal route for the more 
direct application of therapeutic agents in pulmonary inflammatory 
conditions and to elucidate certain phases of pulmonary edema, Winter- 
nitz and Smith (14) studied the absorption of fluids from the lungs and 
found that large quantities of fluid can be introduced through the trachea 
without untoward effects. In acute inflammatory processes, fluid in the 
pulmonary parenchyma may be a means of disseminating the infection 
through the lung tissue. A considerable period of time may be necessary 
before fluid (isotonic salt solution) introduced into the alveoli of the 
lung is entirely absorbed. After eighteen hours much has disappeared 
and within four days it has been absorbed without leaving a trace. 
Inert foreign material can be washed out by the method of intratracheal 
pulmonary irrigation, but even after prolonged treatment of this kind, 
in which many litres of irrigating fluid are employed, there still remains 
a residue of the original material introduced. A nonlethal dose of viru- 
lent pneumococci introduced into the lungs of rabbits, followed by 
irrigation, resulted in a very diffuse and fulminating lobar consolidation. 
Irrigation with salt solution not only cannot be utilized to advantage, 
but is actually a disseminator and an aggravator of the inflammatory 
process within the lung. 

Even though histological studies of the distribution of aspirated fluids 
containing particulate matter were not available, roentgenological studies 
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in man and experimental animals have been recorded. In 1917 Waters, 
Bayne-Jones and Rowntree (15) forcibly injected into the trachea of 
dogs a ten per cent suspension of iodoform in olive oil under ether 
anesthesia, with the animal lying on its abdomen. Dissection showed 
the material apparently in the same degree of suspension in the bronchi, 
bronchioles and smallest air passages. Micro-sections showed large 
masses of fat filling the alveoli. The position of the catheter in the 
trachea determined somewhat the distribution of the fluid. The plates 
showed that the brenchioles of the upper lobes and the alveoli of the 
apices were filled when the injection was made into the lower third of 
the trachea. The mixture produced a proliferative bronchopneumonia. 

In view of the belief of Klotz and his coworkers that carbon enters the 
lung parenchyma only through the alveoli, it seems well to call attention 
to the fact that bacteria may act slightly differently at times, since Win- 
ternitz, Smith and Robinson (16) have found that pneumococci can 
enter the tracheal lymphatics through a damaged epithelium and spread 
by way of the lymphatics to the lung. The lymphatics of the submucosa 
of the trachea afford a direct pathway of infection to the lung. The 
submucosa of the trachea contains a rich plexus of lymphatics, prominent 
everywhere and devoid of valves. Although this lymphatic system 
provides a pathway for infection, it may also serve as a protective 
mechanism against pulmonary infection, for, as the lung is approached, 
the drainage of the submucosa of the trachea and bronchi is largely 
diverted to the protecting regional lymph nodes. Winternitz and his 
collaborators divide the pneumonias into two groups: namely, those 
secondary to damage of the protective mechanism of the upper respira- 
tory tract, and those in which such damage was not demonstrable. No 
explanation has been suggested for the latter except that the pathway 
of the microérganisms was through the lumen of the trachea and bronchi. 


The studies to be reported herewith were initiated a number of years 
ago to obtain information upon the feasibility of applying medicinal 
therapeutic agents directly to diseased foci in the lungs. Two methods 
of approach were considered at that time, namely, the inhalation of 
particles suspended in air which might be subsequently dissolved in the 
lungs to exert a local action, and the inspiration or aspiration of liquids 
or liquid suspensions which could be introduced and the particles re- 
maining exert an action upon the focus of disease in the lungs. Since, 
however, the literature at that time gave little information on the im- 
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mediate distribution of inhaled or aspirated fluids except that cited 
above, it was decided to study this more fully by using a comparatively 
inert substance, such as carbon in dustlike suspended form, inhaled with 
air, and the same substance suspended in liquid form (india ink). At 
that time only the intratracheal injection of the liquids was considered. 
Carbon had an advantage over many other substances in that it was 
easily discernible, both macroscopically and microscopically, even 
though a disadvantage existed, in that spontaneous anthracosis which 
occurs in old experimental animals might complicate the findings. This, 
however, did not prove to be the case in determining the immediate 
distribution, since the dust inhaled spontaneously never was sufficient 
to confuse with the findings which proved of greatest significance in this 
study. The anthracotic spontaneously inhaled dust also was found to 
be intracellular, and only became a source of confusion when consider- 
ing the source of the intracellular pigment deposits. 


THE INHALATION OF SOOT IN NORMAL AND TUBERCULOUS ANIMALS 


For the inhalation of carbon suspended in air a box was constructed, 
with glass walls and top and wooden floor, so that the animals could be 
observed during the entire period of exposure to the smoke or soot. 
The box had ample side ventilation for a sufficient supply of fresh air 
and a suitable hole in the bottom for the entrance of the smoke prepared 
by burning camphor. Although it was impossible to make conditions 
absolutely uniform as regards the density of the smoke inhaled, fair 
uniformity was obtained by admitting smoke into the chamber until 
the animals began to show discomfort and become restless. The 
smoke was then permitted to remain for the allotted time of inhalation 
or until it had been almost entirely dispersed, when it was replaced by 
again burning camphor under the smoke inlet hole. In this way a very 
fine suspension of carbon in air was produced and of sufficient density 
not to permit vision through the exposure-box which was about 15 
inches wide. White mice, guinea pigs and rabbits were exposed to the 
air laden with smoke for varying times, after which the lungs were 
examined macroscopically and microscopically to determine the im- 
mediate and subsequent distribution of the carbon. 


Experimental Data 


Experiment 1: Three normal white mice were placed in the glass 
exposure box and smoke admitted at fifteen minute intervals for three 
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hours. One mouse died at the end of this time and the remaining two 
were killed. Macroscopic examination revealed no visible carbon, 
while microscopic examination of sections showed small deposits of 
carbon in the larger air passages probably as far down as the bronchioli 
respiratorit (17). The deposits were especially conspicuous on many 
projections and constrictions of the larger air passages, as seen in or- 
dinary histological sections. The finer lung divisions, the alveoli, were 
free from carbon deposits of any kind. 

Experiment 2: Four normal white mice were exposed to the camphor 
smoke for thirty minutes on three successive days, after which the lungs 
were examined. Macroscopically, the carbon pigment was not visible, 
while microscopically carbon deposits were seen in many, although not 
all, of the larger air passages (bronchi), being heavy and especially 
conspicuous on the projections seen at bifurcations and constrictions 
as seen in histological sections. The alveoli were free from any visible 
free carbon particles, although an occasional phagocytic cell, containing 
from one to three granules, was seen on the alveolar walls and intersti- 
tially, which may easily have had nothing to do with the experiment. 

Experiment 3: A duplicate of Experiment 2, except that the four mice 
were permitted to inhale camphor smoke thirty minutes daily for ten 
days, after which the lungs were examined, but the naked eye could not 
discern any appreciable deposit in the lungs. Microscopically, the 
carbon deposits resembled those in experiment 2, being especially promi- 
nent on tissue projections in the larger air passages where carbon-con- 
taining phagocytic cells were seen, both on the epithelial surfaces in 
the vicinity of the deposits and deeper in the tissues. In some of the 
alveoli a very thin deposit of carbon lined the wall but this was not 
universal nor was it regularly distributed, it being rather confined to a 
small proportion of the alveoli seen in an entire section. Phagocytic 
cells containing moderate amounts of carbon are seen sparsely in the 
alveoli and in the alveolar walls. This was the first mouse specimen 
in which sufficient camphor smoke had been inhaled to obtain an appre- 
ciable deposit of carbon on the alveolar walls. As compared to the larger 
air passages the deposits in the alveoli are, however, small in amount. 

Experiment 4: A duplicate of Experiments 2 and 3, except that the 
four mice were permitted to inhale camphor smoke thirty minutes daily 
for thirty-two days and the lungs were examined one day after the last 
inhalation. The lungs appeared uniformly pigmented with carbon 
to the naked eye and the deposit seemed slightly more marked on 
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mediate distribution of inhaled or aspirated fluids except that cited 
above, it was decided to study this more fully by using a comparatively 
inert substance, such as carbon in dustlike suspended form, inhaled with 
air, and the same substance suspended in liquid form (india ink). At 
that time only the intratracheal injection of the liquids was considered. 
Carbon had an advantage over many other substances in that it was 
easily discernible, both macroscopically and microscopically, even 
though a disadvantage existed, in that spontaneous anthracosis which 
occurs in old experimental animals might complicate the findings. This, 
however, did not prove to be the case in determining the immediate 
distribution, since the dust inhaled spontaneously never was sufficient 
to confuse with the findings which proved of greatest significance in this 
study. The anthracotic spontaneously inhaled dust also was found to 
be intracellular, and only became a source of confusion when consider- 
ing the source of the intracellular pigment deposits. 
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For the inhalation of carbon suspended in air a box was constructed, 
with glass walls and top and wooden floor, so that the animals could be 
observed during the entire period of exposure to the smoke or soot. 
The box had ample side ventilation for a sufficient supply of fresh air 
and a suitable hole in the bottom for the entrance of the smoke prepared 
by burning camphor. Although it was impossible to make conditions 
absolutely uniform as regards the density of the smoke inhaled, fair 
uniformity was obtained by admitting smoke into the chamber until 
the animals began to show discomfort and become restless. The 
smoke was then permitted to remain for the allotted time of inhalation 
or until it had been almost entirely dispersed, when it was replaced by 
again burning camphor under the smoke inlet hole. In this way a very 
fine suspension of carbon in air was produced and of sufficient density 
not to permit vision through the exposure-box which was about 15 
inches wide. White mice, guinea pigs and rabbits were exposed to the 
air laden with smoke for varying times, after which the lungs were 
examined macroscopically and microscopically to determine the im- 
mediate and subsequent distribution of the carbon. 


Experimental Data 


Experiment 1: Three normal white mice were placed in the glass 
exposure box and smoke admitted at fifteen minute intervals for three 
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hours. One mouse died at the end of this time and the remaining two 
were killed. Macroscopic examination revealed no visible carbon, 
while microscopic examination of sections showed small deposits of 
carbon in the larger air passages probably as far down as the bronchioli 
respiratortt (17). The deposits were especially conspicuous on many 
projections and constrictions of the larger air passages, as seen in or- 
dinary histological sections. The finer lung divisions, the alveoli, were 
free from carbon deposits of any kind. 

Experiment 2: Four normal white mice were exposed to the camphor 
smoke for thirty minutes on three successive days, after which the lungs 
were examined. Macroscopically, the carbon pigment was not visible, 
while microscopically carbon deposits were seen in many, although not 
all, of the larger air passages (bronchi), being heavy and especially 
conspicuous on the projections seen at bifurcations and constrictions 
as seen in histological sections. ‘The alveoli were free from any visible 
free carbon particles, although an occasional phagocytic cell, containing 
from one to three granules, was seen on the alveolar walls and intersti- 
tially, which may easily have had nothing to do with the experiment. 

Experiment 3: A duplicate of Experiment 2, except that the four mice 
were permitted to inhale camphor smoke thirty minutes daily for ten 
days, after which the lungs were examined, but the naked eye could not 
discern any appreciable deposit in the lungs. Microscopically, the 
carbon deposits resembled those in experiment 2, being especially promi- 
nent on tissue projections in the larger air passages where carbon-con- 
taining phagocytic cells were seen, both on the epithelial surfaces in 
the vicinity of the deposits and deeper in the tissues. In some of the 
alveoli a very thin deposit of carbon lined the wall but this was not 
universal nor was it regularly distributed, it being rather confined to a 
small proportion of the alveoli seen in an entire section. Phagocytic 
cells containing moderate amounts of carbon are seen sparsely in the 
alveoli and in the alveolar walls. This was the first mouse specimen 
in which sufficient camphor smoke had been inhaled to obtain an appre- 
ciable deposit of carbon on the alveolar walls. As compared to the larger 
air passages the deposits in the alveoli are, however, small in amount. 

Experiment 4: A duplicate of Experiments 2 and 3, except that the 
four mice were permitted to inhale camphor smoke thirty minutes daily 
for thirty-two days and the lungs were examined one day after the last 
inhalation. The lungs appeared uniformly pigmented with carbon 
to the naked eye and the deposit seemed slightly more marked on 
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the external pleural surfaces of the upper lobes than elsewhere. Méi- 
croscopically there were dense deposits of carbon in the larger air pas- 
sages, more commonly seen as above and heaped upon the projections 
at bifurcations. The deposits were, however, seen extending further 
into the bronchioli respiratorii (Miller) and their terminal alveoli, but 
were rather filmy in nature, lining the alveolar walls and not reaching 
the stage of actual dense deposits. There were numerous phagocytic 
cells, containing very fine granules of carbon in the alveoli, especially 
those which contained free carbon, and interstitially in the alveolar 
walls and the walls of the bronchioli respiratorit. Some carbon phagocytic 
cells were also seen in the larger respiratory passages, more prominent 
in the vicinity of carbon deposits, and in their walls. The source of 
these pigment cells, whether from the larger air passages or alveoli was 
difficult. to determine from these sections. The perivascular lymphoid 
collections did not seem heavily laden with carbon-pigment cells. 

Experiment 5: Two young normal guinea pigs were exposed to cam- 
phor smoke for thirty minutes on 3 consecutive days, after which the 
lungs were examined. Macroscopically, the carbon pigment was not 
visible; microscopically, however, the findings resembled those seen in 
the short periods of inhalation in the mice, the carbon being confined 
mainly to the larger air passages and the heaviest deposits being seen 
at the projections at bifurcations as seen in histological sections. 

Experiment 6: Two young normal guinea pigs were exposed to camphor 
smoke for thirty minutes on ten consecutive days. Macroscopically, 
the carbon was seen fairly uniformly distributed, while microscopically 
it was mainly confined to the large air passages, except for an occasional 
area where it was found in the bronchioli respiratorii, with a thin film on 
the walls of the alveoli. Carbon-stippled cells with few phagocyted 
particles were seen sparsely in the alveoli and alveolar walls, as also in 
the larger air passages and their walls: their origin or source could, 
however, not be determined definitely in the sections. 

Experiment 7: A duplicate of Experiment 6 in which 2 guinea pigs were 
exposed to the camphor smoke-laden air for thirty minutes daily for 
twenty-eight days. The animals were in poor condition at this time. 

Microscopically, the lungs did not differ much from those of Expert- 
ment 6, except that more carbon was found in the alveoli and there were 
inflammatory changes with intrailveolar hemorrhages. 

Experiment 8: ‘Three young normal rabbits were exposed to air con- 
taining camphor smoke, one for thirty minutes on three consecutive 


(it! 


ASPIRATION OF PARTICULATE MATTER 823 


days, one for thirty minutes on ten consecutive days and one for thirty 
minutes on thirty consecutive days; and, although slight variations 
occurred from the findings noted in white mice and guinea pigs, they 
agreed fairly well as a whole. In the shorter exposure periods the de- 
posits of carbon were confined mainly to the larger air passages (bronchi 
and bronchioles), being irregularly distributed, and were heaviest on 
projections and constrictions seen at bifurcations where they were 
accumulated in a cap-like histological form. As the period of exposure 
was extended, the deposits in these localities became heavier and, in 
addition, fine carbon deposits were found lining the alveolar walls, 
having extended deeper into the bronchioli respiratorii. Carbon-pig- 
ment phagocytic cells were sparsely found in the alveoli and larger air 
passages, especially in the vicinity of the carbon deposits, and in the 
alveolar and bronchial walls. 

Experiment 9: Two rabbits were given intravenously 1.5 mgm. of 
bovine tubercle bacilli in fine suspension and twenty-one days later 
were allowed to inhale camphor smoke for thirty minutes daily. One 
of these rabbits died eleven days after the inhalations were initiated and 
presented a well defined miliary tuberculosis but no anthracosis, and 
microscopically, although there were a few carbon-pigment cells in the 
vicinity of some of the miliary tubercles, the majority were free from 
such cells. Carbon deposits were found in the larger air passages 
localized as in the previous normal rabbits. The lungs of the second 
rabbit were examined after thirty-two days of inhalation and a rest 
of three days. Both lungs had numerous macroscopic miliary tubercles, 
about half of which had deposits of carbon around them, some entirely 
encircling the tubercles and some with deposits eccentrically located. 
Microscopically, typical miliary tubercles were found, many without 
any visible carbon deposits. Where the carbon deposits were most 
evident this was intracellular, being seen in heavily carbon-stippled 
phagocytic cells that had accumulated around the tubercle and on its 
periphery, lying thickly accumulated in the alveoli. It seemed that 
these cells had wandered to the site of the tubercle from adjacent areas, 
since nowhere in the normal lung tissue or alveoli were more than sparse 
collections of carbon-containing cells seen. The entire carbon around 
the tubercles was intracellular.. The fate and source of these cells, 
whether they come from adjacent alveoli or pulmonary tissue, even 
though their endothelial origin is concurred in, remains for subsequent 
studies to determine. 
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These observations on the inhalation of carbon in the form of smoke 
prepared by burning camphor indicate that the immediate and early 
localization in the lungs of the three species of animals tested, namely, 
mouse, guinea pig and rabbit, is in the larger air passages. It accumu- 
lates and deposits on the projections into the lumina of these passages, 
especially at bifurcations and sudden elevations formed by a change 
in the course of the bronchi. As inhalation of the smoke continues, 
the deposits in the bronchi increase in amount; a comparatively small 
part of the carbon is deposited in the bronchioli respiratorii (Miller) and 
their terminal alveoli, and is irregularly distributed as a fine layer cover- 
ing the epithelial linings. At this time a few phagocytic carbon cells 
begin to appear in the alveoli and also interstitially, stippled with vary- 
ing grades of the pigment. In the lungs of rabbits that have inhaled 
carbon smoke for a long time (thirty-two days) progressive miliary 
tubercles become. surrounded by phagocytic cells, containing carbon 
granules, but the deposit is by no means regular or constant, although 
some tubercles may be entirely surrounded by these cells. The cells 
containing carbon accumulate in the alveoli surrounding the tubercles, 
the number being in marked contrast to those seen sparsely scattered 
in the alveoli and alveolar walls of the uninvolved parts of the lungs. 
Their immediate source, whether from adjacent alveoli or tissues, could 
not be established, although their endothelial origin is concurred in. 


THE PULMONARY INSPIRATION OR ASPIRATION OF LIQUIDS 


In view of the observations on pulmonary irrigation by Winternitz 
and Smith, the uniform distribution of oil and iodoform injected in- 
tratracheally as noted by Waters, Bayne-Jones and Rowntree, and the 
ready access from the upper to the lower respiratory tract as noted by 
Mullin and Ryder, it seemed that further observations were needed on 
the pulmonary distribution of fluids injected intratracheally and aspi- 
rated into the lungs after nasal instillation. The observations were 
made in a systematic manner in that the intratracheal injections of 
small amounts of fluid were first tried, and were later followed by the 
inspiration or aspiration of the same fluids. Two fluids were used, 
namely, a suspension of barium sulphate in physiological salt solution 
and india ink. The distribution of the former was observed by making 
roentgenographs and of the latter by direct examination of the lungs 
after gassing the animal. The former method possessed the advantage 
of making possible a series of observations on the same animal, although 
in the latter case direct observation gave more detailed information. 


ASPIRATION OF PARTICULATE MATTER 


Experimental Data 


In the following experiments barium sulphate suspension (about 10 
to 20 per cent) in amounts of 1 to 5 cc. or india ink (Higgins’ Eternal 
Ink) 1 to 3 cc., were applied intratracheally, either by a syringe or dropped 
through a tracheotomy tube in rabbits. 

Experiment 1: Rabbit 1: Received barium sulphate injected into the 
trachea by syringe, while lying on its back, and shortly thereafter a 
roentgenograph was taken which revealed the barium rather more 
densely deposited on one side of the chest than the other, the distribu- 
tion not being exactly uniform throughout. 

Rabbit 2: A duplicate of rabbit 1, given barium sulphate by intra- 
tracheal injection, also revealed an irregular distribution of the barium 
in the chest, confined mainly to one side on the roentgenograph taken 
five minutes after injection. Thirty minutes, eighteen hours and twenty- 
four hours later there was very little change in the distribution of the 
barium. 

Experiment 2: Rabbit 3: Received barium sulphate suspension dropped 
into a tracheotomy tube, while lying on its back, and fifteen minutes 
later the roentgenograph revealed a fairly uniform distribution of the 
barium throughout both lungs. 

Rabbit 4: Received barium sulphate suspension dropped into a 
tracheotomy tube, while lying on its back, and fifteen minutes later the 
roentgenograph revealed an irregular distribution of the barium, being 
stippled and more dense at the base of the lung on one side of the chest. 

Rabbit 5: Received barium sulphate suspension dropped into a 
tracheotomy cannula, while lying on its back, and fifteen minutes later 
the roentgenograph revealed an irregular distribution of the stippled 
barium opacity, it being more dense at the base of the lung and on one 
side of the chest. 

Rabbit 6: Received barium sulphate suspension injected into the 
trachea by syringe, while lying on its back, and ten minutes later 
the roentgenograph revealed an irregular stippled opacity in both lungs 
more dense toward the hilum. 

Rabbit 7: Received barium sulphate suspension injected into the 
trachea by syringe, while lying on its back, and fifteen minutes later 
the roentgenograph revealed an irregular stippled opacity, it being 
more dense in the region of the hilum and on one side of the chest. 
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In view of Mullin and Ryder’s findings, barium sulphate suspension 
was dropped into the nose of three rabbits lying in the horizontal posture 
and roentgenographs were made at intervals of from five minutes to one 
hour, but all proved negative. The peculiar tendency toward one-sided 
distribution of the barium suspension made it seem advisable to inject 
the barium sulphate suspension while the rabbit was lying on either 
the right or left side to note the effect. 

Rabbit 8: Received an injection of a suspension of barium sulphate 
by syringe into the trachea, while lying on the left side, and a roentgeno- 
graph taken thirty minutes later revealed a uniform stippling by the 
opaque barium throughout the entire left lung. 

Rabbit 9: Received a suspension of barium sulphate dropped into 
a tracheotomy tube, while lying on the left side, and a roentgenograph 
taken thirty minutes later revealed the opaque barium uniformly 
stippling the entire left lung. 

Rabbit 10: A duplicate of rabbit 8, except that the animal was lying 
on the right side while the barium suspension was being injected, re- 
vealed in a chest roentgenograph taken thirty minutes after injection a 
uniform opaque stippling of the lower lobes of the right lung, the right 
apex in this case being fairly clear. 

Rabbit 11: A duplicate of rabbit 9 except that the animal was lying 
on the right side while the barium suspension was being dropped into 
the tracheotomy tube, revealed in a roentgenograph taken thirty minutes 
later a uniform opaque stippling of the right lung. 


THE PULMONARY ASPIRATION OF CARBON IN FLUID SUSPENSION AFTER 
NOSE INSTILLATION UNDER VARIOUS CONDITIONS 


After obtaining negative findings roentgenologically in the lungs of 
rabbits that had been given nasal instillations of suspensions of barium 
sulphate while in the horizontal posture with head elevated so the fluid 
could be easily dropped into the nose, the more delicate method of using 
india ink, instead of barium sulphate suspension, and direct postmortem 
examination of the lungs was resorted to. About 10 rabbits were used 
in this experiment, but in spite of the use of comparatively large amounts 
of india ink (10 to 20 cc. instilled into the nose) the results obtained were 
uniformly negative. 

It was then discovered that under ether anesthesia, with the animal 
lying in the horizontal posture on its back, even a few cubic centimetres 


ASPIRATION OF PARTICULATE MATTER 827 


of india ink, dropped into the nose when the head was slightly elevated, 
easily entered the lungs,! when in certain cases the rhonchi produced by 
the ingress of the liquid and its movement in the lungs could be felt by 
merely holding the hand firmly against the chest wall. 

In order to correlate the findings, in which the distribution of the 
barium sulphate suspension injected intratracheally was found to be 
dependent upon posture, with the distribution of inspirated or aspirated 
india ink after nose instillation, the following experiments were performed: 

Experiment 1: Rabbit 1: Was given ether to the point of complete 
anesthesia, lying on its back, when 3 cc. of india ink were dropped into 
the right nostril, while the head was slightly elevated. The ink was 
readily inspired as given and within a few minutes rhonchi could be felt 
in the chest. The anesthetic was discontinued and the animal allowed 
to recover. A half-hour later the lungs were examined and the carbon 
pigmentation was found to be irregularly distributed in discrete spots of 
varying sizes, mainly in the posterior portion of the lungs on both sides 
and slightly more in the middle and upper portions of the lungs. 

Rabbit 2: A duplicate of rabbit 1, revealed a distribution differing 
only in detail from that found in rabbit 1, the major part of the carbon 
pigment being seen posteriorly. 

Rabbit 3: Was placed under ether anesthesia and laid on the right 
side in the horizontal position, with the head slightly elevated. Three 
cubic centimetres of india ink were dropped into the right nostril, and 
in a few moments it could be heard in the pharynx and trachea, produc- 
ing the typical rattling so frequently heard during prolonged anesthesia 
and in moribund consumptives. A little later rhonchi could be felt in the 
chest. The animal was allowed to recover, and thirty minutes after 
nasal instillation of the ink the lungs were examined. ‘The black carbon 
deposits were found mainly in the lower portion of the right upper lobe 
and in discrete spots in the middle lobe. The accessory lobe also con- 
tained carbon, but the remainder of the lungs was fairly free from it. 

Rabbit 4: A duplicate of rabbit 3, treated in the same manner except 
that the india ink was dropped into the left nostril. The results ob- 
tained in the lungs, although differing slightly as to detailed distribu- 
tion, agreed well with that found in rabbit 3, the major part of the ink 
being found in the upper lobe of the right lung. 


1 This was kindly demonstrated to one of us (Robin) by Dr. C. T. Ryder during a visit 
to learn the technique employed in his work. 


i 
‘ 


828 H. J. CORPER AND H. A. ROBIN 


Rabbit 5: A duplicate of rabbit 3 except that the anesthetized rabbit 
was lying on the left side in the horizontal posture during the right 
nasal instillation of 3 cc. of india ink. Throughout this experiment the 
animals were kept on the side required for at least five to ten minutes 
after nasal instillation, and thirty minutes allowed for recovery from the 
anesthetic before the animal was given illuminating gas, and the lungs 
examined. The carbon pigment in rabbit 5 was found mainly in the 
lower portion of the upper lobe of the left lung with occasional discrete 
spots in the other portions of the left lung. The right lung was uniformly 
free from any carbon deposits. 

Rabbit 6: A duplicate of rabbit 5, except that the 3 cc. of india ink 
were dropped into the left nostril while the anesthetized animal was 
lying on the left side, with head slightly elevated. The distribution of 
the ink in the lungs agreed well with that found in rabbit 5, it being 
mainly confined to the upper lobe of the left lung, to the accessory lobe, 
with a few discrete spots in the middle lobe of the right lung. 

A number of rabbits were also given only 0.5 to 1 cc. of ink and in the 
majority of these the ink also readily entered the lungs. 

The same findings were obtained in dogs given nasal instillations of 
. india ink while anesthetized and lying in the horizontal posture, as 
follows: 
Dog 1: Was given ether to complete anesthesia and, while lying in 
the horizontal posture on the right side, 5 cc. of india ink were dropped 
into the right nostril, with the head slightly elevated. The animal was 
allowed to recover from the anesthetic and thirty minutes after the 
nasal instillation was gassed and the lungs examined. ‘The carbon pig- 
ment was found entirely in one large patch in the lower portion of the 
upper lobe of the right lung. 

Dog 2: A duplicate of dog 1, except that the india ink was dropped 
into the left nostril, while anesthetized and lying on the right side. The 
carbon pigment was found in the right upper lobe with a few discrete 
spots in the middle lobe. 

Dog 3: Was anesthetized and india ink (5 cc.) dropped in the right 
nostril, while lying in the horizontal posture and with the head slightly 
elevated. The carbon pigment was confined to the middle and lower 
portions of the upper lobe of the left lung. 

Dog 4: A duplicate of dog 3, except that the india ink was instilled 
into the left nostril during anesthesia and while the animal was lying 
on the left side. The carbon pigment was found predominantly in the 
left lung and in the upper lobe as in dog 3. 
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On account of the difficulty experienced in attaining a pulmonary 
inspiration or aspiration of india ink instilled into the nose of normal 
rabbits or dogs in the normal horizontal posture, this was tried in these 
animals while in the vertical posture. 

Rabbit 7: Was placed in the vertical posture, with head extended 
and up, and about 5 cc. of india ink were dropped into the right nostril. 
A few moments after instillation it could be heard gurgling in the pharynx 
and shortly thereafter, following slight difficulty in respiration, it could 
be felt as fine rhonchi in the chest. An examination of the lungs, after 
giving the animal illuminating gas, revealed the carbon pigment mainly 
in the lower lobe of the left lung, as multiple discrete black spots, a few 
being found in the upper lobe; the right lung was comparatively free 
from black pigmentation. 

Rabbit 8: A duplicate of rabbit 7, held in the vertical posture and 
5 cc. of india ink dropped into the left nostril, An examination of the 
lungs, thirty minutes after nasal instillation of the india ink, revealed a 
dense accumulation of black pigmentation in the base of the left lung 
posteriorly, with discrete spots of pigment in the lower portion of the 
upper lobe of the same lung and at the base of the right lung. 

Rabbit 9: A duplicate of rabbit 7, held in the vertical posture and 
5 cc. of india ink dropped into the right nostril. An examination of the 
lungs, thirty minutes after instillation, revealed the carbon posteriorly 
in both lower lobes, more marked at the base on the right side. There 
were a few discrete spots posteriorly in the lower portion of the upper 
lobe of the right lung. 

Rabbit 10: A duplicate of rabbit 7, held in the vertical posture and 
3 cc. of india ink dropped into the right nostril. An examination of the 
lungs, eleven days after instillation, revealed the carbon mainly in the 
right lung in the lower border of the upper lobe, in the lower border of 
the middle lobe and in discrete spots in the lower lobe. A typical acute 
lung abscess was found in the posterior middle part of the lower lobe of 
the right lung. A few small discrete deposits of pigment were found in 
the upper portion of the lower lobe of the left lung. 

The accessory lobe in the above three animals frequently contained 
carbon although its presence could not be exactly correlated with definite 
conditions. The experiments were duplicated in dogs in the vertical 
position though with not as great ease, as follows: 

Dog 5: Was held in the vertical position, head extended and up, 
while about 30 cc. of india ink were rapidly dropped into the right nostril 
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(previous preliminary experiments in which only 1 to 5 cc. were used 
uniformly were negative). The animal swallowed most of the ink, but 
a small amount of it reached the trachea, as noted in examination of 
the lungs thirty minutes after nasal instillation. A fine black carbon 
stippling was found in the upper posterior portion of the lower lobe of 
the left lung. 

Dog 6: A duplicate of dog 5, held in the vertical position while 
about 20 cc. of india ink were dropped into the left nostril. The carbon 
pigment was found posteriorly in the middle portion of the lower lobe 
of the left lung as three discrete spots, stippled in appearance. 

Dog 7: A duplicate of dog 5, in which the india ink was dropped 
into the right nostril while in the vertical posture, revealed the ink in 
the right lower and middle lobes posteriorly as discrete spots. 

The above studies seem to indicate that liquids containing particulate 
matter in suspension (india ink), when inspired or aspirated into the 
lungs from the upper air passages after nasal instillation, reach an 
intrapulmonary localization, dependent upon the posture of the animal 
during the inspiration or aspiration of the fluid. When in the horizontal 
posture and under an anesthetic, the particulate matter is found mainly 
in the upper lobes of the lungs and on the side upon which the animal 
was lying when the liquid entered the lungs; if it lies on its back, the 
particulate matter is found in the posterior portion of the lungs and 
may be found in both lungs or only on one side. If it is in the vertical 
posture, the tendency is for the liquid to localize in the lower lobes and 
commonly at the base. 

Thus far no attempt has been made to determine how long the partic- 
ulate matter, inspirated or aspirated into the lungs from the upper 
air passages after nasal instillation, remains in the lungs, except that 
in the one experiment cited above it was found after 11 days’ residence 
in the lungs. : 

Experiment 2: Twelve normal rabbits were used in this experiment. 
About 5 cc. of a diluted (1:1 with warm water) Higgins’ Eternal Ink were 
dropped into the nose while the animal was in the vertical position, 
with head up and extended. 

Rabbit 1: Examined eight days after nasal instillation, revealed a 
large amount of carbon pigment in the lungs, irregularly distributed in 
discrete spots which were mostly in the lower and middle lobes of the 
right lung, but were also in the left lung. 
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Rabbii’'2: Examined thirteen days after the nasal instillation of the 
india ink, revealed the carbon pigment in the posterior part of the lower 
lobe and lower border of the upper lobe of the left lung and in the posterior 
portion of the lower lobe of the right lung, as speckled discrete deposits. 
The accessory lobe was also speckled with carbon deposits. 

Rabbit 3: Examined twenty-one days after nasal instillation of the 
india ink, revealed the carbon deposits posteriorly throughout the base 
of the lower lobe of the left lung; the lower lobe of the right lung was 
speckled posteriorly in its mid-part. 

Rabbit 4: Examined five weeks after nasal instillation, revealed the 
carbon pigment mostly in the right base, but also in discrete spots in 
the posterior portion of the left lower lobe. 

Rabbit 5: Died five and one-half weeks after nasal instillation, and 
revealed the carbon deposits in discrete spots posteriorly in the lower 
lobe of the left lung, and in the middle and lower lobes of the right 
lung. 

Rabbit 6: Examined six and one-half weeks after nasal instillation, 
revealed the carbon pigment in stippled form throughout the entire 
lower lobe of the left lung, with a few spots posteriorly in the upper 
lobe and the lower portion of the right lower lobe. 

Rabbit 7: Examined nine weeks after nasal instillation, revealed 
the discrete carbon spots posteriorly in both lower lobes, with a few 
spots in the lower portion of the right upper lobe. 

Rabbit 8: Examined twelve weeks after nasal instillation, revealed 
the discrete carbon spots, with no apparent tendency to vanish, in the 
posterior and middle portions of the right lower lobe, in the lower portion 
of the right upper lobe and in the posterior basal portion of the left 
lower lobe. 

Rabbit 9: Examined fifteen weeks after nasal instillation, revealed 
the discrete carbon spots along the posterior border of the entire right 
lung and irregularly throughout the lower lobe and lower border of the 
upper lobe of the left lung. ‘There did not seem to be any distinct van- 
ishing of the carbon pigment; at least it was not evident to the naked 
eye. Three of the rabbits in this experiment are still alive and will be 
reported on subsequently. It might be added, also, that rabbits lying 
on their back, with head elevated and extended and body at an angle 
of 45 degrees, would readily inspire the india ink after nose instillation 
of about 5 to 10 cc. This was tried with success in 6 rabbits. 


832 H. J. CORPER AND H. A. ROBIN 


A number of the above rabbit lungs were studied histologically to 
determine the finer distribution of the inspired or aspirated fluid (india 
ink) containing particulate matter. The method and findings follow: 

1: For the purpose of determining the immediate minute distribution 
of the india ink, inspired from the upper respiratory tract after nasal 
instillation, microscopic sections stained with haematoxylin and eosin 
were made from the lung of a normal rabbit, twenty minutes after 
the instillation of ink under ether anesthesia. In the larger air passages 
the carbon was found in accumulations along the smooth walls, with no 
tendency to mass on projections. It was also seen in distinct accumu- 
lations in the alveoli. It was not uncommon to find the carbon com- 
pletely filling some alveoli. 

2: Sections, taken from the lung thirty minutes after nasal instilla- 
tion of india ink from a normal rabbit while in the vertical posture and 
not anesthetized, revealed the ink in the finer air passages and alveoli, 
but less so in the larger air passages than that found in J. The larger 
passages were densely filled with carbon, usually when contiguous to 
dense infiltrated areas. 

3: Sections taken from the lung, one hour after nasal instillation in 
the vertical posture without anesthetic, revealed findings similar to 
I and 2, except that there were no free masses of carbon in the large 
air passages, it being found mainly in the finer pulmonary divisions and 
alveoli. 

4: Sections, taken from the jung thirteen days after nasal instillation 
in the vertical posture and without anesthetic, revealed the carbon de- 
posit still present in mass form in the alveoli, with many carbon pig- 
ment phagocytic cells around the carbon. Pigment cells were also 
present in the alveolar walls and in the perivascular lymphoid tissues. 
The major part of the carbon masses, however, seemed still to be present 
without producing any interstitial changes except the exudation of the 
phagocytic cells into the alveoli. 

5: Sections, taken from the lungs twenty-one days after nasal in- 
stillation in the vertical posture and without anesthetic, revealed dense 
infiltrations of pigment-bearing cells into the walls of the larger air 
passages, perivascular lymphoid tissues and the alveolar walls. Most 
of the carbon masses, however, still remained in the alveoli with many 
phagocytic cells among them. The larger air passages were compara- 
tively free from carbon, except for the presence of an occasional heavily 
carbon-laden stippled phagocytic cell. 
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6: Sections, taken from the lungs six and one-half weeks after nasal 
instillation in the vertical posture and without anesthetic, revealed very 
little change from the findings in 5 (twenty-one days), although a great 
deal more carbon was found in the perivascular areas. Dense masses, 
however, were still found in the alveoli in certain locations. 

7: Sections, taken from the lungs twelve weeks after nasal instilla- 
tion in the vertical posture and without anesthetic, revealed very little 
change in findings, in so far as the histological picture was concerned, 
from that seen in the lungs after six and one-half weeks. A great deal 
of the massive carbon deposits in the alveoli was still present, while pig- 
ment-bearing cells were found in the alveoli, alveolar walls and perivascu- 
lar areas. The latter were densely loaded with pigment cells in places. 
The larger air passages were comparatively free from pigment-bearing 
cells.? 

The microscopic findings in the lungs, after the inspiration or aspira- 
tion of fluids from the upper respiratory tract and following nasal in- 
stillation in rabbits, would seem to indicate that fluids containing par- 
ticulate matter (india ink) quickly tend to attain the finer divisions of 
the lungs (the alveoli), the particulate matter to be retained there for a 
comparatively long time (over fifteen weeks) while there goes on a grad- 
ual process of removal by phagocytic cells. The entrance of liquid to 
the finer air sacs is rapid and occurs early, in distinction to inhaled parti- 
cles, suspended in the air as smoke, which gradually tend to accumulate 
in certain sites of predilection in the larger air passages and only after 
prolonged inhalation reach the alveoli and then in comparatively small 
amounts. Regarding the ultimate final disposition of both forms (the 
inhaled smoke and the suspended particles in liquid), all that can be 
said is that they probably both enter the same interstitial and lymph 
node abodes. It seems also that smoke or soot, reaching only the larger 
passages, has a far greater opportunity to be expelled without entering 
the tissues, either within or without phagocytic cells, than the same 
form of particulate matter or carbon in liquid suspension entering the 
alveoli. 

The immediate distribution of india ink in the lungs, following nasal 
instillation, made it seem highly probable that the guiding forces in 
determining the postural localization were probably mainly two, namely, 


* Subsequent further gross and microscopic studies on the remaining rabbits of this 
series will be reported later to complete this part of the study. 
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gravity and inspiratory suction resulting from respiration. If this were 
true it should be possible to imitate the postural localization by means 
of an in vitro experiment. For this purpose a large wide mouth bottle, 
of about 2 litres capacity, was fitted with a two-hole rubber stopper. 
Through one hole of the stopper was passed a glass tube, to be connected 
at the external end by means of rubber tubing to a small separatory 
funnel with glass cock and to contain the liquid (india ink) to be aspirated 
into the trachea of a rabbit’s lung tied to the internal end of the glass 
tube and hanging within the bottle. Through the second hole in the 
rubber stopper was passed another glass tube, connected with a suction 
pump by means of rubber tubing, with a suitable clamp to open or close 
this opening. The purpose of the latter connection to the suction pump 
was to produce a suitable negative pressure, to imitate that obtained 
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during inspiration in the pleural cavity. In order to place the lungs in 
the horizontal position in this bottle apparatus, a wire gauze jacket 
around the lung was prepared, to prevent sagging of the lungs during 
this posture of the bottle? (See diagram of apparatus.) With this 
apparatus it was possible to duplicate the in vivo postural experiments 
with india ink, as follows: 

1: With the lung suspended in the vertical posture a few cubic centi- 
metres of india ink were permitted to enter the trachea, by causing the 
lungs to expand with slight negative pressure. The india ink entered 
the lungs uniformly on both sides, slightly more in the lower portions 
of the lower lobes than the upper. 


Dr. O. S. Kretschmer kindly aided with the perfection and use of this apparatus, for 
which we are duly grateful. 
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2: A few cubic centimetres of india ink were permitted to enter the 
trachea with the bottle lying on its side, the left lung lowermost. The 
india ink was found entirely in the left lung, having entered the upper 
lobe first, and finally the lower lobe which it completely blackened. 

3: In this experiment, a duplicate of 2, a smaller amount of india ink 
(about 0.5 cc.) was allowed to run into the trachea while the left lung 
was lowermost. The india ink entered the upper lobe mainly, with only 
a small amount entering the upper portion of the lower lobe of the left 
lung. 
DISCUSSION 


Although a great deal of information has been obtained from these 
studies, relative to the inhalation of finely suspended particulate matter 
in air and the inspiration or aspiration of like matter suspended in fluids, 
the application of this information to intrapulmonary therapy, especially 
in tuberculosis, would at present lead to conclusions of its negative value 
for several reasons, which include its irregular localization and the in- 
ability to place it where most desired, except within crude limits. It 
is to be hoped, however, that observations along this line will be encour- 
aged for, in spite of the apparent completeness of this study, there are 
many unanswered discrepancies. For instance, why are certain miliary 
tubercles in the lungs, after inhalation of carbon (smoke), so well and 
efficiently surrounded with a layer of carbon pigment-bearing cells 
while others are apparently free from such envelopes? If, under proper 
conditions, these pigment-bearing cells, carrying appropriate substances, 
may be made to surround the diseased focus and thus form a barrier to 
the further progress of the tubercle bacillus there may still be hope in 
the efficient application of this method. It is only too well known that 
coal miners are not as susceptible to phthisis as workers in other dusty 
trades. Whether this is due to the lymphatic stasis and fibrosis pro- 
duced by the coal or carbon as maintained by Klotz, or whether certain 
inherent antiseptic properties of the carbon, as has been demonstrated 
experimentally (18), may be the important and decisive factor, or 
whether a combination of factors accounts for it has not been definitely 
established. Mavrogordato (19) has shown that there is a decided 
difference in the cellular response to various dusts in the lungs. It seems 
important also to consider in subsequent researches, especially if exact 
localization of inspired liquids becomes feasible, whether this mode of 
application of a barrier around the tubercle bacilli would be more effi- 
cient than by the inhalation method. 
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Regarding the migration of the carbon pigment-bearing phagocyte, 
it may be questioned whether this cell can enter the tissues only through 
the alveolar walls. Its marked migratory power, as seen in the vicinity 
of the tubercles, would bespeak greater and more diversified mobile 
power throughout the lungs than this. Is it to be inferred that these 
cells can carry pathogens (tubercle bacilli) into the tissues only through 
the alveolar walls, and above this point in the lungs entrance is barred, 
the phagocytic cell and its burden to be eventually expelled by way of 
the upper air passages? Although it may be admitted that a large 
amount of dust, smoke, and inhaled particulate matter eventually 
reaches the pharynx and is swallowed or may be expelled, can it be in- 
ferred that the same fate awaits such material engulfed by uninjured 
phagocytes in the majority of cases? 

Although under certain circumstances there is easy access for fluids from 
the upper to the lower respiratory tract, as, for instance, in an animal 
like the rabbit, accustomed to the horizontal posture but placed in the 
upright position, there must be a more efficient protection normally ° 
for those naturally living in the upright posture or it would seem that 
respiratory infection as a result of upper respiratory tract contamination 
would exterminate or abolish the upright type. Under anesthesia, 
however, the ready access of fluid to the lungs from the upper respiratory 
tract in the horizontal posture should serve as a warning, as far as 
possible, by proper consideration for gravity conditions, to avoid such 
postures during anesthesia as would tend to facilitate the easy access of 
fluids from the upper to the lower respiratory tract. 


SUMMARY 


The immediate intrapulmonary localization of particulate matter 
inhaled as smoke (carbon suspended in air) differs from that of the 
same material inspired or aspirated in fluid suspension. While ‘the 
former localizes early, mainly in the larger air passages of the respiratory 
tract and in certain definite localities, on histological projections at the 
bifurcations of the air passages, and only after prolonged inhalation 
deposits in the smallest respiratory divisions (the alveoli) and then only 
in comparatively small amount, the latter (liquids) have a tendency to 
be aspirated immediately into the finest pulmonary divisions where the 
greater part of the particulate matter is retained for a relatively long 
time (longer than fifteen weeks in rabbits). 
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Inspired or aspirated fluid suspensions of particulate matter (india 
ink) localize in the lungs of animals, depending upon the posture in which 
the animal was held during the entrance of the fluid into the lungs. In 
the horizontal posture during ether anesthesia, in rabbits and dogs, 
india ink following nasal instillation with the head slightly elevated, is 
found mainly in the upper lobe of the right or left lung, depending upon 
whether the animal was lying on the right or left side, respectively, during 
instillation. Normally, in the horizontal posture without anesthetic, 
fluids do not readily enter the lungs, although in the upright (vertical) 
posture with the head slightly extended, the fluid readily enters the 
lungs of these animals, normally accustomed to the horizontal posture, 
rather more easily in the rabbit than the dog, and tends to localize 
mainly inthelower lobes of the lungs. These observations strongly favor 
the idea that the localization of aspirated fluids in the lungs is largely 
determined by physical forces, such as gravity and inspiratory suction. 
This is borne out by the ix vitro imitation of the postural results obtained 
in vivo. Miliary tubercles in rabbits’ lungs tend, after prolonged 
inhalation of air-containing suspended carbon, as smoke, to become sur- 
rounded by a ring of carbon which may be complete or merely as an 
eccentric deposit. The deposit, being practically entirely intracellular, 


consists of carbon-laden phagocytic cells, which apparently have wandered 
to the site of the tubercle from neighboring areas. Many tubercles, 
however, are free from such surrounding deposits, a fact which is un- 
explained in view of the universal presence of the carbon in the lungs 
when inhaled, but which nevertheless lessens the effective use of this 
method as a possible therapeutic procedure. 
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Fic. 1. Toe ImmepIATE PULMONARY DISTRIBUTION OF CARBON INHALED AS SMOKE 


Note the deposits of carbon on histological projections at bifurcations of the larger 
air passages and its absence in the finer pulmonary divisions of the air passages from the 
bronchioli respiratorii to the alveoli after short-period inhalations, 
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Fic. 2. Tae ImmMepIATE PutmMoNaRY DISTRIBUTION OF CARBON INHALED AS SMOKE 


B is a higher magnification of the encircled part of A. Notein B the deposits of carbon 
in the larger air passages and its comparative absence in free form from the alveoli. An 
occasional carbon-pigment cell may be seen in the alveoli, but its relation to the present 
inhalation of smoke may be questioned. The section is from a mouse subjected to the 
inhalation of smoke for thirty minutes on each of three consecutive days. 


Fic. 3. Tar ImmepraATeE PutmMonarY DIsTRIBUTION OF CARBON INHALED AS SMOKE 


B is a higher magnification of the encircled part of A. Note the deposits of carbon 
in the bronchioli respiratorii. They are more prominent on projections (A). Note also 
the film-like carbon deposit on the walls of the smaller divisions in B. The section is 
from a mouse exposed to smoke for thirty minutes on each of ten consecutive days. 
There is also an increase in the number of carbon-pigment cells. 
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fic. 4. Tue Disposition oF INHALED CARBON ParTICLES (SMOKE) AROUND MILiary 
TUBERCLES 


Note that the carbon around miliary tubercles isin complete ring form in some cases 
and eccentrically deposited in others. Many tubercles are, however, free from carbon. 
From a rabbit, given tubercle bacilli intravenously and, twenty-one days later, daily 
inhalations of smoke for thirty-two days. 
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Fic. 5. PHOTOMICROGRAPHS OF TUBERCLE FROM FIGURE 4 


B is a higher magnification of the encircled part of A. Note the carbon-pigment cells 
filling the alveoli around the miliary tubercle (B). No such accumulation exists in the 
alveoli away from the lesion, where only occasional carbon-laden cells are seen. All the 
carbon around the tubercle seems to be intracellular. 


Fic. 6. PHOTOMICROGRAPHS FROM THE LUNGS OF FIGURE 4 


A: An accumulation of carbon-pigment cells in a larger division of the air spaces, 
probably due to some chemotactic influence or to the process of transference to the upper 
air passages to be eliminated. 

B: Normal alveoli, showing the paucity of pigment cells compared with those seen 
around the tubercles. 
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Fic. 7. SERTES OF ROENTGENOGRAPHS AFTER THE INTRATRACHEAL INJECTION OF BARIUM 
SULPHATE SUSPENSION IN RABBITS 


A: Rabbit 1: Taken immediately after injection with animal lving on its back. 
B: Rabbit 2: Taken thirty minutes, C eighteen hours and D twenty-four hours after 
injection of barium sulphate. 
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Fic. 8. SERIES OF ROENTGENOGRAPHS AFTER THE INTRATRACHEAL INJECTION OF BARIUM 
SULPHATE SUSPENSION IN RABBITS 


A: Rabbit 3: Taken fifteen minutes after introduction of suspension through trache- 
otomy tube. 

B: Rabbit 4: Same procedure as A. 

C: Rabbit 5: Same procedure as A and B. 

D: Rabbit 6: Taken ten minutes after intratracheal injection of suspension with 
a syringe. 

E: Rabbit 7: Taken fifteen minutes after injection similar to D. 

F: Rabbit 8: Taken thirty minutes after intratracheal injection of suspension with 
syringe, while animal was lying on its left side. 

G: Rabbit 10: Same as with rabbit 8, except that the animal was lying on its right 
side during the injection and for a short time afterwards. 
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Fic. 9. SERIES OF PostuRAL LUNG PICTURES 


A: Rabbit’s lungs, thirty minutes after intratracheal idjection of india ink with 
syringe, while rabbit was lying on its right side. 

B: Same as A, except that rabbit lay on its left side. 

C: Rabbit’s lungs, thirty minutes after nasal instillation, with head slightly elevated, 
and rabbit anesthetized and lying on right side. 

D: Same as C, except rabbit lay on left side. 

E: Dog’s lungs, thirty minutes after nasal instillation of india ink, with head slightly 
elevated, and animal anesthetized and lying on right side. 

F: Same as E, except dog lay on left side. 
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Fic. 10. Gross AND Microscopic IMMEDIATE DISTRIBUTION OF INSPIRED FLUID 
SUSPENSIONS OF CARBON 


A: Rabbit’s lungs, immediately after nasal instillation of india ink, while animal 
was in upright (vertical) posture without anesthesia. 

B: Photomicrograph of A. Note india ink even in the finest terminal divisions. 

C: Higher magnification of encircled area of B. 

D: Photomicrograph of more densely pigmented part of A. 

E: Higher magnification of encircled area of D. 
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D 
Fic, 11 


A: Rabbit’s lungs, removed eleven days after nasal instillation of india ink, while 
animal was in vertical posture and without anesthesia. Note typical lung abscess within 
the circle. 

B: Dog’s lungs, thirty minutes after nasal instillation of india ink, in vertical posture 
and without anesthesia. Note discrete spots of carbon in lower lobe of left lung. 

C: Anterior aspect of metal cast of bronchial tree of rabbit’s lungs. 

D: Posterior aspect of C. 
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ASPIRATION OF PARTICULATE MATTER 


Fic. 12. Tat INTRAPULMONARY RETENTION OF CARBON, INSPIRED IN FLUID SUSPENSION 


A: Lungs, removed thirteen days after nasal instillation of india ink, while rabbit was 
in vertical posture and without anesthesia. 

B and C: Low and high power photomicrographs, respectively, of a section of A, and 
show the finer distribution of the carbon. 
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Tic. 13. Toe INTRAPULMONARY RETENTION OF CARBON INSPIRED IN FLUID SUSPENSION 


A: Lungs, removed six and a half weeks after nasal instillation of india ink, while 
rabbit was in vertical posture and without anesthesia. 

B and C: Low and high power photomicrographs of a section of A. They show the 
dense intrapulmonary distribution of carbon, with little real inflammatory cellular reaction 
beyond the endeavor of the pigment cells (phagocytes probably of endothelial origin) to 
rid the lungs of this substance gradually. 
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Fic. 14. Tat INTRAPULMONARY RETENTION OF CARBON INSPIRED IN FLUID SUSPENSION 


A: Lungs, removed twelve weeks after nasal instillation of india ink, while rabbit was 
in vertical position and without anesthesia. 

Band C: Low andhigh power photomicrographs, respectively, of a section of A. They 
show the persistence of the dense intrailveolar carbon deposits, with many pigment cells 
(endothelial phagocytes) endeavoring to remove the carbon, which has otherwise produced 
a comparatively mild reaction. 

D: Lungs, removed fifteen weeks after nasal instillation of india ink, and showing 
very little gross change or fading of the deposits.. 
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Fic. 15. PutMONARY ASPIRATION OF INDIA INK IN VITRO 


A: Lungs from a rabbit, into which india ink was aspirated while lung was in the 
vertical posture in a bottle, using the negative pressure therein as the aspirating force. 

B: High-power photomicrograph of section from A. 

C: Lung (rabbit’s) into which india ink was aspirated while the lung was suspended 
in the horizontal posture, with the left lung lowermost, in a bottle, using the negative 
pressure therein as the aspirating force. 

The carbon pigment is mainly seen in the upper lobe of the left lung when a small 
amount of fluid is used. Larger amounts would tend to blacken the entire left lung, 
beginning, however, with the upper lobe. 
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PULMONARY TUBERCULOSIS PRODUCED EXPERIMEN- 
TALLY BY ASPIRATION 


H. J. CORPER 


Research Department, National Jewish Hospital for Consumptives, Denver, Colorado 


Progress in the study of many phases of pulmonary tuberculosis has 
been retarded because it has been impossible in the past to satisfactorily 
produce phthisis with all its manifestations as to tissue changes and 
localization in the experimental animal. Many of these studies have, 
therefore, been confined to man. To say the least they have often been 
discouraging and of rather limited value, being in many cases restricted 
to the terminal case that could subsequently be sectioned. It has been 
rather unsatisfactory to the investigator to be confronted with the 
statement that observations on pulmonary tuberculosis in animals could 
not be applied to man without definite reservations because the disease 
in the two cases presented certain distinct irreconcilable clinical and mor- 
phological differences. The roentgen ray picture in spite of its extreme 
value in elucidating many phases of pulmonary pathology did not quite 
fulfill early expectations, and, although much has been learned regarding 
the gross anatomic changes resulting from the tuberculous disease process 
in the lungs, as may be seen from numerous valuable reports (Dunham 
(1), Amberson (2), and others), the graded finer tissue changes and the 
stages of consecutive progress of the disease in the lungs still require more 
detailed study, with better and more refined methods. Bissell (3) in 1916 
in commenting on the pathognomonic roentgen signs of pulmonary 
tuberculosis states that “unfortunately, it is impossible at will, to 
reproduce this disease in animals. We are thus compelled to rely 
entirely upon the study of human tuberculosis in the hospital and 
dispensary patient or after autopsy.” 

It is true that much has been learned from postmortem studies in man 
but the multiple views (Ghon, Virchow, Tendeloo, Ziegler, Birch- 
Hirschfeld and others) on so apparently simple a question as the primary 
seat of the tuberculous focus in the lungs should lead us to believe that 
either our methods are too crude or the possibilities may include any of 
the expressed views. The universality of tuberculosis, however, and the 
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possibility of primary infection at any age which may heal or progress 
make it seem far more important, practically, that it be determined how 
to prevent spread of the disease in the lungs, what to expect after pul- 
monary dissemination has occurred, and in how far therapy can prevent 
destruction and remedy it after its establishment. Herein lies the value 
of a duplication in animals of the type of pulmonary tuberculosis found 
in man. There are certain characteristics of pulmonary tuberculosis in 
man which have been impossible of consistent duplication thus far in 
animals, probably the most important of which is the apical localization 
and for which there are many interesting explanations, including 
Freund’s theory of stenosis of the upper thoracic aperture, advanced 
about sixty years ago and given support by Bacmeister’s experiments 
reported in 1913 (4). Many observers, however, are inclined to view 
the deformity of the thoracic girdle as a result rather than a cause of 
tuberculosis. Another interesting explanation for the pulmonary 
localization was given by White and Gammon (5), who found that 
Sudan III in oil injected intravenously into rabbits was retained entirely 
in the pulmonary circulation and had a favorite localization in the lungs 
which is likened to that of tubercle bacilli. Many other suggestions 
have appeared in the literature but none suffice to fully explain or dupli- 
cate with any exactitude the-typical pulmonary distribution in man. 
Many methods have been used for the direct intrapulmonary inocula- 
tion of tubercle bacilli in an attempt to simulate the human disease. 
Among these may be mentioned especially the exact and detailed study 
by Lewis and Montgomery (6), who appreciated the necessity of having 
at our command methods of reproducing as nearly as possible in experi- 
ment the conditions that prevail in chronic pulmonary tuberculosis. 
They utilized the technique of Lamar and Meltzer (7) for intratracheal 
injection in dogs, using a bovine bacillus (about 100 milligrams) from a 
human source and virulent for guinea pigs, rabbits and cattle. -At 
autopsy it was found that in all instances inoculation had been made 
chiefly into the right caudal lobe. In most instances there was a con- 
siderable diffuse consolidation of the right middle lobe and some focal 
involvement of other lobes, particularly the left caudal lobe. In the 
earlier cases, before the fourteenth day, whether the animal died or was 
killed, the pneumonic areas were reddish-gray. Later they were gray, 
yellow or white. In the later stages there was a tendency for the tissue 
to soften in spots, and in those cases examined between the seventeenth 
and the twenty-fourth days the softened matter had frequently been 
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discharged through a bronchus, leaving a cavity. The cavities were 
variable in size and frequently were in the form of ramifying excavations 
containing exposed blood vessels. No hemorrhage from the cavities 
was noted and membranous walls were not observed. In animals, 
examined more than three weeks after infection, there was always a 
miliary tuberculosis of the unconsolidated portion of the lungs, the 
spleen, the kidneys, and especially of the liver. When cavities ap- 
proached the pleural surface the pleura was always definitely thickened. 
In no instance was there a definite pleural exudate. Microscopically at 
ten days the process was exudative in character, the alveoli containing 
fibrin, red blood corpuscles, polymorphonuclear leucocytes and endo- 
thelial phagocytes (actively proliferating). At this time small groups 
of alveoli began to show necrosis and the bacilli in these localities were 
very numerous. From the fourteenth to the twentieth day necrosis and 
caseation became more extensive. The necrosis seemed to begin in the 
exudate and when it became marked the adjoining fixed tissues became 
involved. Cavity formation may occur when the fixed tissues are in- 
volved in the necrosis. Cavity formation occurred by a necrosis extend- 
ing into the bronchus from the surrounding exudate. No instance of a 
primarily ulcerated bronchial mucosa was observed. On account of the 
variation in the process in different animals, a division into periods could 
only be arbitrary, since one animal dying at twenty-two days revealed a 
microscopic picture fitting the ten-day interval. Lewis and Montgomery 
concluded that they had effectively reproduced an exudative type of 
tuberculosis of the lungs, and that probably lobar pneumonias generally 
are of bronchogenic origin from the fact that a characteristic tuberculous 
pneumonia might be produced by the method of bronchial insufflation. 

More recently Rogers (8) succeeded in producing a pulmonary tuber- 
culosis in guinea pigs, by allowing them to inhale finely divided droplets 
of positive human sputum applied with an atomizer. The lesions were, 
however, distributed throughout both lungs and in all the lobes and were 
of varying sizes. The disease was, also, not entirely restricted to the 
lungs alone, being found in the liver and spleen. This method was also 
used in guinea pigs by Gardner (9), as devised by Baldwin, for the 
purpose of studying the effect of dust inhalations upon tuberculosis and 
about the same findings were obtained. In 1920 Mullin and Ryder 
(10) reported the production of pulmonary tuberculosis in rabbits by the 
inhalation of suspensions of tubercle bacilli from the nose. ‘The 
technique was simple as possible. The rabbit was held, usually on its 
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back, with the nose elevated, and 1 cc. of bacterial emulsion allowed to 
flow into one nostril from a pipette inserted just far enough to ensure 
the fluid entering the nose.” Only two rabbits were thus treated with 
tubercle bacilli, but the findings warrant quotation; 


Rabbit 5: Given 0.5 cc. of an emulsion of human tubercle bacilli in the nose 
(amount of bacilli not recorded). It was autopsied seven weeks later, when it 
showed no lesions of the respiratory mucous membranes above the lungs. 
The lungs showed advanced tuberculosis of the right upper and middle lobes 
with consolidation, and moderately advanced tuberculosis of the bronchial 
nodes. The cervical nodes, spleen and mesenteric nodes, were all negative 
both grossly and microscopically. Rabbit 6: Given 0.75 cc. emulsion and 
killed after seven weeks. The autopsy findings, gross and microscopic, were 
identical with rabbit 5, the tuberculous process being limited to massive 
infiltration of the upper and middle lobes of the right lung, and moderately 
advanced lesions of the bronchial nodes. 


Though the experiments by Mullin and Ryder were few, coupled with 
their findings on the inhalation of india ink, they seemed to blaze the 
trail for important possibilities and warrant further and more elaborate 
investigation along these lines. 

In a study recently published by Corper and Robin (11) (12) it was 
found that the immediate intrapulmonary localization of particulate 
matter, inhaled when suspended in air, differs from that of the same 
material inspired or aspirated in fluid suspension. While the former 
localizes early, mainly in the larger air passages of the respiratory tract, 
the latter (liquids) have a tendency to be immediately aspirated into the 
finest pulmonary divisions, where the greater part of it is retained for a 
relatively long time. Inspired or aspirated fluid suspensions of particu- 
late matter localize in the lungs of animals, depending upon the posture 
in which the animal is held during the entrance of the fluid into the lungs. 
In the horizontal posture, during ether anesthesia in rabbits and dogs, 
india ink, following nasal instillation with the head slightly elevated, is 
found mainly in the upper lobe of the right or left lung, depending upon 
whether the animal was lying on the right or left side, respectively, 
during instillation. Normally, in the horizontal posture without an- 
esthetic, fluids do not readily enter the lungs, although in the upright 
(vertical) posture with the head slightly extended, the fluid readily enters 
the lungs of these animals, rather more easily in the rabbit than the dog, 
and tends to localize mainly in the lower lobes of the lungs. They con- 
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clude that these observations strongly favor the idea that the localization 
of aspirated fluids in the lungs is largely determined by physical forces, 
such as gravity and inspiratory suction, and for the purpose of testing 
this they imitate the postural results by 7” vitro experiments. 

In view of the fact that posture so largely determined the intra- 
pulmonary distribution of inspired or aspirated fluids, and that under 
ether anesthesia, in the horizontal posture and lying on either the right or 
left side, the particulate matter tended to an upper lobe (in the sense of 
human pulmonary anatomy) distribution, it seemed highly probable that 
this method could be utilized for producing a pulmonary tuberculosis in 
dogs, which would resemble the distribution seen in man. To then ob- 
tain the variegated picture, analogy to tuberculosis in other parts of the 
body would indicate that it was merely a matter of dosage and virulence 
of bacilli; either leading to a progressive destructive pneumonia picture 
with high virulence or many bacilli, or a chronic, fibrotic, healing type 
with few bacilli or those of low virulence. It is well known, although 
not accepted by all, that the majority of the tissue changes of tuberculosis 
can readily be reproduced by using dead tubercle bacilli, provided the 
amounts are properly adjusted, even to the point of the formation of 
ulcers; and, the lung being apparently a favorable site for the easy 
discharge of such necrotic material, it seemed reasonable that the forma- 
tion of intrapulmonary tuberculous cavities by using dead bacilli might 
be reasonably expected. The use of dead bacilli would also possess 
the advantages of being handled in large amounts without danger and 
of producing foci only in- the lungs, and uncomplicated by changes 
elsewhere in the body. 

In all our experiments dead human and bovine tubercle bacilli were 
used. They had been grown in large amounts on glycerol-broth for the 
preparation of tuberculin and had been heated to 100°C. several times 
to insure their death. They were then washed carefully with about 
three to five changes of sterile physiological salt solution. A volumetric 
dilution of one part of bacilli to five parts of salt solution was then 
utilized for nasal instillation, being well shaken each time before use. 
Only dogs were used in these studies, on account of their natural resist- 
ance in Denver to respiratory affections, rabbits being highly susceptible 
to snuffles and therefore less suited for uncomplicated studies of the type 
in contemplation. 

All the dogs were anesthetized (ether being used) and, while lying on 
either the right or left side with the head slightly elevated, the desired 
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suspension of bacilli was dropped into one of the nostrils, whence it was 
promptly sucked into the nasopharynx. In previous experiments it was 
found that the intrapulmonary distribution of india ink was in no wise 
influenced by the nostril, right or left, into which the fluid was dropped. 
The dogs were usually kept lying on the side desired for about ten or fifteen 
minutes after nasal instillation to ensure the postural distribution of the 
fluid. 


THE POSTURAL DISTRIBUTION OF PULMONARY TUBERCULOSIS FOLLOWING 
NASAL INSTILLATION OF DEAD HUMAN AND BOVINE 
BACILLI IN DOGS 


Nine dogs were included in this part of the study: 3 of them receiving 
suspensions of dead human bacilli, 3 suspensions of dead bovine bacilli 
and 3 a mixture of dead human bacilli in a suspension of india ink 
(1 to 1). 

Dog 1: Received a nasal instillation of about 10 cc. of a suspension 
of dead human bacilli while lying on its right side. Postmortem, 
twenty-three days later, revealed massive tuberculous involvement of 
the right upper lobe with dense fibrous pleural adhesions between 
the visceral and parietal pleurae in the region of the third and fourth 
ribs laterally. The rest of the lung was free from tuberculosis macro- 
scopically. 

Dog 2: A duplicate of dog 1, received about 10 cc. of a suspension of dead 
human bacilli while lying on the left side. Postmortem, twenty-three 
days later, revealed massive tuberculous involvement of the left upper 
lobe and the upper part of the left lower lobe. There was slight involve- 
ment of the right upper and middle lobes. Histologically, in the involved 
areas there was a massive consolidation and cellular infiltration, in which 
all semblance of lung tissue was lacking. Areas rich in cells with deep 
staining nuclei and cytoplasm were interspersed with areas of a few intact 
cells, the cytoplasm staining pale and being dotted with nuclear remnants. 
Throughout the involved areas the bronchi and bronchioles were wrinkled 
and compressed, as. though from external pressure, but the cells lining the 
walls seemed highly resistant to the destructive changes going on even 
in the necrotic areas. In the less involved areas the alveoli were found 
free from cells, but for a distance from the actual foci of consolidation the 
alveolar walls was markedly thickened and infiltrated, as with inter- 
stitial pneumonitis. The blood vessels and capillaries in and around the 
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consolidated areas were congested. Occasional carbon pigment deposits 
irregularly distributed were found in the consolidated areas. The pre- 
dominating cell in the infiltrated areas was the large endothelial leucocyte 
with large pale but distinct staining nucleus and cytoplasm. All types 
and forms of this cell were seen. Polymorphonuclear leucocytes and a 
few small mononuclear cells were interspersed among these. In the 
necrotic areas the cells had become vacuolated and the nuclei and cyto- 
plasm stained faintly, many of the nuclei seemed to be undergoing lysis 
and there were seen many transparent shadows of former cells. 

Dog 3: A duplicate of dog 1, received the bacilli by nasal instillation 
while lying on its back. Postmortem twenty-three days later revealed 
no macroscopic tuberculosis. 

Dog 4: Received a nasal instillation of about 10 cc. of a suspension of 
dead bovine bacilli while lying on its right side. Postmortem, twenty- 
five days later, revealed massive tuberculous involvement of the lower 
portion of the upper lobe of the right lung and of the contiguous part of 
the middle andlowerlobes. The histological picture resembled to a great 
extent that seen in dog 2, except that there was more peribronchial and 
perivascular carbon pigment deposit. In the vicinity of the consolidated 
granulation tissue areas were seen alveoli containing an albuminous fluid 
(edema) with many large endothelial phagocytes and polymorphonuclear 
leucocytes. The reaction in this lung seemed to be more exudative in 
character, especially around the consolidated areas, than in that from 
dog 2. The consolidated areas, however, resembled those of dog 2and 
consisted of a typical young granulation tissue with predominantly 
endothelial leucocytes and a few polymorphonuclear leucocytes, the 
deeper staining ones being interspersed with more or less necrotic areas 
with pale staining cells and nuclei. 

Dog 5: A duplicate of dog 4 received dead bovine bacilli while lying 
on the left side. Postmortem twenty-five days later revealed the tuber- 
culosis as a massive involvement of the upper lobe of the left lung. 
There were a few scattered foci in the right lung macroscopically. A 
dense adhesion existed on the mesial surface of the upper portion of the 
upper lobe of the left lung. Histologically, the lungs resembled those of 
dog 4, with a predominance of the necrotic areas and the presence of a 
slight amount of pulmonary edema and exudative intradlveolar in- 
filtration. 

Dog 6: A duplicate of dog 4, received dead bovine bacilli by nasal 
instillation while lying on its back. Postmortem two weeks later re- 
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vealed tuberculosis in the anterior portion of the upper lobe of the right 
lung and in the lower lobe of the left lung as multiple discrete foci. 

Dog 7: Received about 10 to 15 cc. of a mixture of equal parts of dead 
human bacilli (1 to 5) and india ink while lying on its right side. Post- 
mortem, thirty-eight days later, revealed the ink and localized tuber- 
culosis in the lower part of the upper lobe and upper part of the middle 
lobe of the right lung, with adhesions between the two lobes at the site 
of involvement. Histologically, the lungs resembled those from dog 2, 
with massive granulation tissue areas with richly staining nuclei and 
cytoplasm interspersed with areas of paler staining cells (necrotic areas). 
The proliferative intrailveolar reaction and edema were absent from this 
lung, the reaction being more of an interstitial proliferative pneumonitis. 


It was rather interesting that the carbon deposits, being at this time mostly 


intracellular, were confined mainly to the center of the massive tuber- 
culous areas. 

Dog 8: A duplicate of dog 7, received a mixture of dead human bacilli 
and india ink while lying on its left side. Postmortem, thirty-six days 
later, revealed the ink and tuberculosis as multiple small nodules in the 
upper lobe and upper portion of the lower lobe of the left lung. 

Dog 9: A duplicate of dog 7, received dead human bacilli and india 
ink while lying on its back. .Postmortem, twenty-one days later, re- 
vealed the ink and tuberculosis posteriorly in the upper, middle and lower 
lobes of the right lung, with dense interlobar adhesions in the involved 
regions and localized tubercles in the upper part of the lower lobe of the 
left lung. 

This series seemed to.indicate that pulmonary tuberculosis, with many 
of its characteristics, including granulation tissue infiltration and subse- 
quent necrosis of the newly formed lung parenchyma, fibrous interlobar 
and pleural adhesions, and apical localization, can be reproduced in 
dogs under the conditions named above. Unfortunately, however, 
even though the prerequisite, necrosis, for cavity formation was seen 
histologically, the time of study was apparently too short and further 
observations seemed highly desirable. 


THE CONSECUTIVE PULMONARY TISSUE CHANGES PRODUCED BY ASPIRATED 
DEAD TUBERCLE BACILLI FOLLOWING NASAL INSTILLATION DURING 
ETHER ANESTHESIA IN DOGS 


In order to follow consecutively the pulmonary tissue changes pro- 
duced by dead tubercle bacilli aspirated into the lungs after nasal in- 
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stillation in dogs under ether anestheisa, 12 dogs were anesthetized and, 
while lying on the right side with head slightly elevated, were given 
nasal instillations of about 10 to 20 cc. of a 1 to 5 suspension of washed 
dead human tubercle bacilli in sterile salt solution. The dogs were then 
sectioned at intervals and the lungs examined macroscopically and 
microscopically. 

Dog A: Received about 10 cc. Postmortem examination eleven days 
later revealed no appreciable macroscopic tuberculosis. 

Dog B: A duplicate of dog A, died nine days after nasal instillation and 
revealed a marked hemorrhagic pneumonia of the entire right lung 
macroscopically. 

Dog C: Was examined fourteen days after nasal instillation. The 
lungs revealed macroscopically a spontaneous anthracosis throughout all 
the lobes of both lungs and a massive tuberculosis of the upper lobe of 
the right lung, which appeared as multiple large nodules on the external 
and mesial aspects of this lung. No appreciable tuberculosis was found 
in the rest of the lung. Microscopically, there was carbon pigment, 
usually intracellular, distributed uniformly throughout the pulmonary 
tissues, whether they were tuberculous or not, thus differing distinctly 
from that seen in dog 7, in which india ink and tubercle bacilli were 
injected coincidently and the carbon was found mainly in the centre of 
the involved areas. There were also areas of massive consolidation and 
cellular infiltration, in which all vestiges of former lung tissue were 
absent and only the larger bronchioles and bronchi persisted, with 
wrinkling of their walls, due to external compression (resembling in- 
testinal villi) and perfect preservation of their columnar epithelium. 
Interspersed in the rich cellular areas were fields of necrosis, with sparse 
nuclear and cellular content. In the less involved areas the infiltration 
was entirely interstitial, resulting in a marked thickening of the alveolar 
walls. The blood vessels and capillaries in and around the involved 
areas stood out distinctly and appeared congested. There was no 
visible hemorrhage, but there was a large amount of anthracotic pigment, 
which was distributed in the perivascular and peribronchial tissues of 
the involved and non-involved tissues, thus differing from the carbon 
found in rabbit 7 and resulting from the india ink introduced with the 
bacilli. The predominating cells in the infiltrated areas were the endo- 
thelial phagocyte (epithelioid cell) and polymorphonuclear leucocytes 
with a few small round cells interspersed. 
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Dog D: Was examined twenty-five days after nasal instillation. The 
lungs revealed macroscopically a massive involvement of the anterior and 
middle portions of the upper lobe and the anterior upper border, with a 
few discrete spots throughout the middle lobe of the right lung. The 
rest of the lung was negative macroscopically. Histologically, the 
tissues resembled the lung findings in dog C in every detail. 

Dog E: Was examined forty-one days after nasal instillation. The 
lungs revealed macroscopically extensive tuberculous involvement of the 
upper and middle lobes of the right lung, the rest being negative, and 
there was a distinct fibrous adhesion on the external anterior apical 
surface of the upper lobe of the right lung. Necrosis seemed to be 
prominent. Microscopically, the lung mainly resembled the pulmonary 
findings in dogs C and D, but in addition there were areas of distinct 
interstitial pulmonary hemorrhage bordering the markedly infiltrated 
areas and especially in the alveolar walls that were thickened. In some 
places, masses of red corpuscles were also seen sparsely scattered in the 
alveoli and smaller air passages. 

Dog F: Was examined fifty-six days after nasal instillation. The 
lungs contained macroscopically a massive involvement of the entire 
lower and middle portion of the upper lobes and posteriorly there were a 
few foci in the middle lobe of the right lung. The gross appearance of 
the lesions resembled those of the lungs of dog E. Microscopically, the 
pulmonary findings resembled those in the lungs of dog E, except that 
tissue necrosis in the consolidated areas seemed to be more marked, 
even affecting the smaller consolidated areas. The general impression 
gained from study of the histological sections was that this was a more 
advanced process, not from the standpoint of healing, but rather from 
the standpoint of final tissue destruction (necrosis) than that seen in the 
lungs of the previous dogs. 

Dog G: Died one hundred and ten days after nasal instillation. The 
lungs contained macroscopically a few large discrete tuberculous nodules 
in the lower and middle portion of the right upper lobe. No histological 
study was made. 

Dog H: Was examined one hundred and ten days after nasal instilla- 
tion. The lungs contained macroscopically many large tuberculous 
nodules in the upper and middle anterior and lateral portions of the upper 
lobe and a few discrete nodules in the upper middle portion of the middle 
lobe of the right lung. The gross and microscopic appearance of the 
lesions resembled those in the lungs of dog F. 
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Dog J: Was examined one hundred and thirty-nine days after nasal 
instillation. The lungs superficially revealed massive tuberculous in- 
volvement of the lower portion of the upper lobe and the posterior upper 
border of the lower lobe of the right lung, with a few nodules in the middle 
lobe and the lower and middle portion of the upper lobe and upper 
portion of the lower lobe of the left lung. On cutting through the 
massively involved areas there were found multiple various-sized cavities, 
many in communication, and some separated by very thin walls. In 
many of these cavities were seen tissue strands and bare blood vessels 
passing across from one wall to another. The walls were lined by what 
appeared to be a granulation tissue and necrotic membrane. Micro- 
scopically, there were numerous small cavities of different sizes, many 
having no definite walls, but in many cases they seemed to be limited by 
the walls of a smaller or larger bronchiole, which had been previously 
compressed by the tuberculous tissue and into which the necrotic material 
had ruptured and discharged. ‘There was much interstitial hemorrhage, 
and blood was mixed to a great extent with the necrotic tissue being 
discharged. Cross sections of the larger bronchioles cgntained large 
amounts of the blood and cells. The blood vessels in the disintegrating 
tissue were distinctly congested, and an occasional vessel was found in 
the centre of the cavity and only attached to the wall by a flimsy pro- 
jection of necrotic tissue: In some places distinct rupture of the necrotic 
material into a smaller bronchus could be followed out. 

Three dogs still remain alive in this series and will be reported on in 
brief in a subsequent communication. ‘This series of experiments seemed 
to indicate that all the destructive and proliferative tissue changes 
produced by the tubercle bacillus in the lungs of man can be reproduced in 
dogs by using dead tubercle bacilli. The upper lobe localization of tuber- 
culosis can be reproduced by dropping the suspension of bacilli into the 
nose with the head slightly elevated during ether anesthesia and while 
the dog is lying on either the right or left side during and for a short time 
after such instillation. 


DISCUSSION 


The fact that pulmonary tuberculosis as found in man has been re- 
produced in experimental animals will help solve many of the much 
disputed questions which have arisen in conjunction with studies in 
pulmonary tuberculosis and especially on the efficacy of the various 
therapies at present in vogue. No doubt, many questions can be added 
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to the few which will immediately enter one’s mind as, for instance, the 
effect of artificial pneumothorax upon cavities. 

It seems from this study that if tissue damage is sufficient in the lungs, 
it is only a question of time before such destroyed or necrotic tissue will 
be discharged probably through a bronchus (apparently the road of least 
resistance) to leave the cavity as its ultimate result. Discharge through 
a bronchus rather than into the pleural spaces would seem to be the route 
of preference for the diseased tissue, since in no case was a rupture into the 
pleura seen in these studies, although more prolonged observations may 
still modify this view. The restitutio ad integram in the lungs would seem 
to prefer the cavity as the ultimate result of massive pulmonary necrosis, 
especially resulting from a proliferative type of chronic disease like 
tuberculosis, rather than some other form, such as encapsulation. 

Another important point brought out by this study is the fact that, given 
a definite amount of tissue damage, as determined by a certain number 
of bacilli used, the subsequent and final destructive changes may not be 
finally determined in the lungs for a long period of time. It required 
about one hundred and thirty-nine days before cavities were found in the 
dogs. What is the subsequent fate of these cavities and when may the 
destructive process be expected to stop and retrogression set in? The 
value of this point alone for the elucidation of the disease in man is 
self evident. This apparently has never been definitely answered from 
previous studies with living bacilli in animals or from observations on 
man, although empirical surmises have been made. Even though 
capillary hemorrhage was not uncommon after a certain interval of time, 
it being present in practically all sections studied after forty-one days, 
profuse hemorrhage did not exist even when cavities were being rapidly 
formed. 


SUMMARY 


The upper lobe localization of pulmonary tuberculosis, the most com- 
mon type of the disease found in man, can be reproduced in dogs (in the 
sense of human postural anatomy) by the instillation of suspensions of 
tubercle bacilli into the nose while the animal is lying in the horizontal 
posture (on the right or left side depending upon the side on which in- 
volvement is desired) during ether anesthesia with the head slightly 
elevated. These experiments with tubercle bacilli verify the postural 
studies previously reported in animals in which india ink was used. 
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By means of dead human tubercle bacilli, aspirated under ether anes- 
thesia, all of the important characteristics of the disease in man may be re- 
produced, except progression in the true sense of the term, such as would 
naturally be dependent upon actual multiplication of the bacilli in the 
lungs. The most important of these changes, including massive tuber- 
culous granulation tissue formation with subsequent necrosis followed 
by discharge into the bronchi and resulting cavity formation, fibrous 
pleural adhesions and intrapulmonary capillary hemorrhages are all 
obtained and in definite sequence, indicating that the full tissue damage 
initiated when the bacilli enter the lungs is not exhausted for a consider- 
able period of time; visible cavities were found only after one hundred 
and thirty-nine days, while intrapulmonary capillary hemorrhage was 
seen regularly earlier (after forty-one days). 
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ASPIRATION PULMONARY TUBERCULOSIS 


A: Lungs from dog 2, showing massive upper lobe involvement of the left lung twenty- 
three days after nasal instillation. 

B: Photomicrograph of section taken from the vicinity of the tuberculous involvement 
showing the tuberculous granulation tissue infiltration with necrotic area and interstitial 
pneumonitis in the vicinity of the massive infiltrated areas. 
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Fic. 3 
A: Lungs of dog 4, showing massive upper lobe involvement of the right lung twenty-five days after 


nasal instillation. 
B: Lungs of dog 5, showing massive upper lobe involvement of the left lung and apical adhesion, 


twenty-five days after nasal instillation. 
C: Lungs of dog 7, showing upper and middle lobe involvement of right lung and interlobar adhe- 


sions thirty-eight days after nasal instillation. 
D: Lungs of dog E, showing massive upper and middle lobe involvement of the right lung with 


apical adhesion forty-one days after nasal instillation. 
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R f\ NOBLAT 
TISSUE 


A: Lungs from dog C, showing upper lobe involvement of the right lung fourteen days ‘after 
nasal instillation. There is a marked spontaneous anthracosis. 

B: Photomicrograph of a section taken from the vicinity of the tuberculous involvement, showing 
the tuberculous granulation tissue infiltration with necrotic focus and carbon pigment of spontaneous 
anthracosis. 
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TISSNE 


Fic. 5 
A: Lungs from dog D, showing massive involvement of the upper and middle lobes of 
the right lung twenty-five days after nasal instillation. 
B: Photomicrograph of a section taken from the tuberculous area, showing especially the 
compression wrinkling of the bronchi in the involved tissue. 
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A: Lungs from dog F, with massive involvement of the upper lobe of the right lung, 
fifty-six days after nasal instillation. : 

B anv C: Photomicrographs, low and high power, showing the characteristic cells in the 
tuberculous areas. 
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Fic. 7 
Photographs (A, B and C) of lungs from dog J, with cavitation found one hundred: and 
thirty-nine days after the nasal instillation of dead human bacilli. Note that the involvement 
was found on‘both sides mainly in the upper lobes. No explanation for this was found, it 
being the only dog in the series which did not completely conform to the right or left side 


postural distribution. 
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THE CAUTERIZATION OF ADHESIONS IN ARTIFICIAL 
PNEUMOTHORAX TREATMENT OF PULMONARY 
TUBERCULOSIS 


TECHNIQUE AND INDICATIONS, TOGETHER WITH A SURVEY OF 
RESULTS OBTAINED THUS FAR 


H. C. JACOBAEUS 


From the Medical Service II of the Serafimerlasarett, Stockholm, Sweden, Professor H. C. 
Jacobaeus, Director 


From the interest shown in my method of cauterization to remove 
adhesions in artificial pneumothorax treatment of lung tuberculosis, 
during my journey last autumn in the United States, I may conclude 
that the method will be taken up for trialinthat country. I wish, there- 
fore, to give an account in detail of my experiences as to its technique 
and indications, and preface this with a short historical survey of the 
development of the method. 


For about ten years I have occupied myself with endoscopy of the 
serous cavities, peritoneum and pleura. At first, I was interested only 
in the diagnostic advantages which could be gained by such a method. 
In a case of ascites, after tapping and replacing the fluid by air I could by 
endoscopy get a clear view of the abdominal organs. There was thus no 
difficulty in diagnosing liver cirrhosis, malignant tumor, Pick’s disease, 
syphilis, etc. Further, in carcinoma and tuberculosis of the peritoneum, 
I could see changes characteristic of these diseases. After first per- 
forming endoscopy, or laparoscopy, only on patients with ascites, I 
have, during the last few years, to a larger extent, also carried out the 
examination on patients without ascites, and thereby widened the 
sphere of the method considerably. I have further combined laparo- 
scopy with simultaneous X-ray examination of the abdominal organs, 
with the air still left in the abdominal cavity, performing the latter 
according to the methods of Long, Weber and others. These methods 
of examination complement each other in a very successful way, especially 
with regard to disease of the liver and spleen and the formation of adhe- 
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sions in the abdominal cavity. It is not yet possible to judge how great 
a value they may obtain in practice. 

Without doubt, the predominant value of endoscopy centres around 
the examination of the pleural cavities, the so called thoracoscopy, 
With regard to the chest cavity we have, as we know, nothing corre- 
sponding to exploratory laparotomy. Further, thoracoscopy is so 
simple a method that it can be performed without inconvenience in 
every exudative pleurisy which is available to a thoracocentesis. The 
ocular examination of the pleural surfaces is in most cases relatively 
complete. In cases of so called idiopathic pleurisy I have also suc- 
ceeded in finding distinct tubercles in most of them. For the differen- 
tial diagnosis of tumors and pleurisy of other origin, thoracoscopy is 
likewise of no small value. After some practice it is at least possible, 
with some certainty, to differentiate between tumor metastases and 
tuberculous changes. In doubtful cases, one can by test-excision, under 
guidance of the thoracoscopy, decide the nature of the pleurisy in the 
special case. Even solid intrathoracic tumors can be observed by thora- 
coscopy, and their relations to neighboring structures, lung, thoracic 
wall, etc., be determined much more clearly than by any other method. 
By this an evident practical advantage for an intended operation is 
gained. As we shall see further on, this is its principal use in major 
surgery. 

The second and, from a practical point of view, the most important 
field for the use of thoracoscopy comprises those surgical operations 
which can be performed directly under guidance of this method. By 
thoracoscopy in the pneumothorax treatment of lung tuberculosis 
an especially fine picture of string or membrane-like adhesions between 
lung and thoracic wall is obtained. This caused me to try to work out a 
method under the guidance of the thoracoscope to remove such adhesions 
as impede the treatment. It is a well known experience that a single 
string-shaped adhesion, which attaches the lung to the thoracic wall 
and thereby prevents collapse of a cavity, can cause the failure of the 
whole treatment in artificial pneumothorax. A recently published 
paper by Gravesen, from Professor Saugman’s sanatorium, contains 
the following tables which prove the injurious results of these adhesions: 


1. Cases with complete pneumothorax without adhesions 
(3 to 13 years after discharge) 


70.2 per cent 
2.1 per cent 
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Died from tuberculosis 23 .4 per cent 
Died from other causes 2.1 per cent 
2.1 per cent 


2. Cases with compleie pneumothorax but with localized, extended adhesions 


Able to work 33% per cent 
Died from tuberculosis 663 per cent 


3. Cases with incomplete pneumothorax with larger or smaller extended adhesions 


Able to work 11.1 per cent 
Died from tuberculosis 86.7 per cent 
Died from other causes 2.2 per cent 


The injurious influence of the adhesions is plainly demonstrated by 
these tables, which also give one an impression of their frequency. I 
cannot here enter into the different methods attempted by others to 
remove such adhesions. I can only say that none of them has attained 
practical importance. 

As it was rather easy to observe the above adhesions by thoracoscopy, 
the idea occurred to cauterize them by introducing a galvanocautery 
through another opening, under the guidance of the thoracoscope. My 
first attempts were made in 1913, and since then I have performed, 
altogether, 55 such operations, of which I will briefly relate 50. The 
operation has been further performed in more than 20 cases by Saug- 
man; of these his assistant, Gravesen, has published 16. ‘Twelve cases 
have been published by Holmboe and 20 more cases by Skargard and 
others, 6 by Sémme, 6 by Begtrup-Hansen, 3 by Christoffersen, and 2 
by Dahlstedt. To date certainly far more than 100 operations have 
been performed. To avoid bad repute and too many failures of the 
method, it is necessary to know which cases are best suited for it and to 
reject those in which the operation is more difficult or perhaps dangerous. 


TECHNIQUE 


The preparations for the operation need not be very extensive. I 
do not consider it necessary to give the patient morphine before the 
operation. If he is very anxious I find it better to give him bromide, 
luminal or similar remedies. It has happened to me that a patient, 
who was given morphine, had an indiosyncrasy for it, so that during or 


2 
873 
37 
42 
45 


874 H. C. JACOBAEUS 


after the operation the patient became sick and vomiting caused a 
severe skin emphysema, which developed from the puncture opening in 
the chest wall. 

It is of great importance to be sure that the electrical apparatus is in 
perfect working order. 

Immediately before the operation I am accustomed, after the method 
of Saugman, to make a flouroscopic examination and draw the points of 
attachment of the adhesions and their extensions on the patient’s chest. 
This makes a very good guide when choosing the place for introducing 
the thoracoscope, it being always most advisable to have the light as 
near the field of operation as possible. 

The patient is put on his healthy side with a big, hard roll-pad under 
the chest as near the arm as possible (fig. 1). He has a smaller pillow 
under his head. The idea of placing him thus is to get the pneumothorax 
half of the chest as convex as possible. It is also advisable to let the 
patient’s arm on the operated side lie upward and forward, so that the 
scapula is pulled upward and outward. The chest wall gets thinner, 
the interspaces are more easily felt, and the local anaesthetic can be 
given with more assurance if the thoracoscope can be introduced higher 
up on the chest wall without difficulty. 

At the operation proper I first introduce the trocar for the thoracoscope 
after a careful local anaesthesia, generally one to three interspaces below 
the level where the adhesions are marked by means of the fluoroscope. 
This is of course not possible if the adhesions are localized to the apex, 
but one has to try to find an interspace as high up in the interscapular 
area as possible. The higher up on the chest wall one gets, the thicker 
the muscles are and the more difficult it is to make the anaesthesia 
quite effective. 

The thoracoscopy, which is first performed, aims to give as complete 
an orientation of the conditions in the pleural cavity as possible. If 
it is a matter of single string-shaped adhesions, then it is rather easy. 
In introducing the thoracoscope rather far back near the spine, before 
the thicker back musculature begins, one gets the longitudinal direction 
of the lung at right angles to the thoracoscope. In this way it is possible 
to get a survey of the lung in its longitudinal direction. As the adhe- 
sions generally extend from the lung to the chest wall at a more or less 
wide angle, it is evident that with this direction of the thoracoscope and 
the field of vision it will be easy enough to find and localize the adhe- 
sions in question. If the adhesions are membrane-like, the difficulties 
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are greater and no rule can be established, but after some practice it is 
in most cases possible. The same is the case if the lung is broadly 
fixed to the anterior or posterior chest wall and also with narrow strings 
in different directions. Only experience can solve the difficulties in such 
cases. 

I generally introduce the trocar for galvanocautery in the lateral region, 
mostly perhaps in the anterior axillary line (fig. 1). In this way the 
galvanocautery is inserted in a direction parallel to the longitudinal 
direction of the lung and the chest wall. It is desirable to be able to 
move the galvanocautery along the inside of the chest wall as exten- 
sively as possible. This is best attained by an incision in the lateral 
region where, on the whole, with regard to posteriorly and anteriorly 
fixed adhesions, it can be done within a less restricted area further 
back. With regard to adhesions which extent directly lateralward, 
it is better to enter a little more forward, for example, in the anterior 
axillary line. If one enters in the lateral region, it easily happens that in 
handling the grip of the electric burner one’s movements are hindered by 
the patient’s hip bone. 

The other stage of the operation, the cauterization itself, then begins. 
It ought to be carried out with quite a weak glow and slowly. Its 
difficulty is intimately dependent on the thickness and the extension of 
the respective adhesions and on the indications which the operation may 
be based on. I therefore pass on to the description of the operation 
itself. 

The galvanocautery is carefully introduced in the direction where the 
adhesion is calculated to be situated. With some experience this is 
rather easy, and I have many times introduced the cauterizer directly 
on the adhesion which I desired to burn off. If this does not immediately 
succeed, the adhesion has to be found with the thoracoscope in the 
thoracic cavity which, to begin with, may cause certain difficulties. 
After this, the platinum point has to be placed on the adhesion at the 
spot where it has to be cauterized. As a general rule, with string- 
shaped adhesions, I perform the cauterization where the adhesion is 
most narrow. Ifa cavity is visible on the X-ray film, immediately below 
where the adhesion is fixed to the lung, the cauterization should be made 
as Close to the chest wall as possible. Technically this is slightly more 
difficult, but it causes the patient considerably more pain. In these 
cases the patient has really a sensation of a burning pain which extends 
diffusely throughout the whole half of the chest. Where it is a question 
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of apex adhesions the pains radiate to the arm. If the cauterization is 
performed at a little distance (2 to 3 cm.) from the chest wall, the 
patient has scarcely any sensation of the cauterization, but has mostly 
a disagreeable feeling of pulling at the adhesion, caused by the pressure of 
the galvanocautey. 

At the cauterization itself one has to decide the intensity of the glow 
of the galvanocautery. This is of great importance because of the 
possibility of haemorrhage. After switching on the current, it ought to 
take five to ten seconds before the platinum needle becomes aglow, and 
then only ared glow. A white heat is absolutely forbidden. Sometimes 
I have let the platinum needle get glowing in the pleural cavity and then 
placed the glowing needle on the adhesion. At other times I have 
first placed the needle on the adhesion and then switched on the current. 
The difference is that in the latter case one gets a considerably slower 
heating of the needle. There is no great difference between these two 
methods. 

The cauterization ought to proceed very slowly. In slightly pressing 
the galvanocautery against the adhesion one feels how fibre. after fibre 
is loosening. Then, bit by bit of the adhesion can be burnt off, until 
at last it is completely severed, when the lung collapses by its own weight 
and usually an interval of several centimetres appears between the two 
burnt off stumps of the adhesion. 

As above mentioned, the danger of cauterization is haemorrhage. 
On the one hand, it is possible to come across such large vessels in the 
adhesions that even with cautious cauterization haemorrhages appear. 
This difficulty has scarcely been cleared up, It is true that we have cer- 
tain statements by Forlanini and Permin, who by section have found 
veins to the thickness of a quill in adhesions and on the pleural surfaces. 
I, myself, have seen varicose veins on the surface of the adhesions, al- 
though not of such thickness. Not infrequently I have burnt off such 
small veins without haemorrhage. Whether the larger veins also imply 
any more serious danger of haemorrhage, I am, of course, unable to de- 
cide from my own experience. In my opinion these vessels are not the 
most dangerous. The pressure in them is certainly very low, and if, 
in case of haemorrhage, a saline solution is injected in sufficient quantity, 
the haemorrhage shouldinall probability stop beforeit becomes dangerous 
to life. 

It is my belief that it is only when an artery is burnt through that 
haemorrhages really dangerous to life can be expected. Whether such 
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are to be found in the adhesions is also not fully clear. The only micro- 
scopic investigations of string-shaped adhesions, which have been made 
to any large extent, are those which I carried on some years ago. In 
them are to be found vessels, the nature of which cannot be decided. 
They have a very thick musculature; so thick that sometimes oblitera- 
tion ensues. Cauterization of such vessels surely does not cause any 
haemorrhage dangerous to life. The retraction of the adhesion which 
sets in after the cauterization should certainly cause a further shrinkage 
and probable closing of the vessel. 

The danger of a very serious haemorrhage arises if in the cauteriza- 
tion one penetrates the lung and there cuts into an artery. Here there 
is neither any hypertrophy of musculature of vessel wall nor is there 
any considerable retraction of the surrounding tissue to be expected. 
This is accordingly the principal danger which threatens in the field of 
operation. 

I have only once in my experience had a haemorrhage of any conse- 
quence. In this case there was quite a narrow thread-like adhesion. 
The cauterization went very easily and quickly, in a fractional part of a 
minute; but afterward the parietal stump of the adhesion dripped blood 
rather rapidly. In all, the haemorrhage might be estimated at the 
most to have been about 200 cc. I have the impression that there was 
too strong a glow of the galvanocauterery. Other authors, such as 
Saugman and Skargard, have at times had smaller haemorrhages, which 
were considered to be caused by too strong a glow by at least the latter 
operator. 

Only once in all the operations known to me (thus far in more than 
100 cases), has a fatal haemorrhage ensued. In one case, where the 
operation, performed by Doctor Dahlstedt, proceeded quickly, a severe 
haemorrhage suddenly set in. The blood spurted into the thoracic 
cavity. The prism of the thoracoscope became constantly splashed, 
and it was therefore impossible, under its guidance, to get at the bleed- 
ing point with the galvanocautery, in order to stop the bleeding by a new 
cauterization. The bleeding became so severe that the patient lost 
consciousness. Things began to look very threatening. The very 
circumstance that the burning immediately before the catastrophe went 
so quickly, is an indication that too strong a glow of the platinum needle 
had been used. In another case, where the operation was performed 
by Skargard, a similar arterial bleeding arose from the lung. Here the 
operator succeeded in stopping the bleeding by continuing to burn 
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the bleeding part proximally. The method is indeed very daring, 
but partly shows that the bleeding really comes from a lung vessel and 
partly that probably mere chance is playing its share because it is more 
likely that the bleeding vessel was still thicker at the last cauterization. 
I myself have stopped quite small haemorrhages by holding the galvano- 
cautery close to the bleeding place. Should a large arterial bleeding 
arise I think it best to get as high a pressure as possible in the pleural 
cavity in question. The best method to this end should be to fill it up 
with saline solution, which ought to stop the bleeding. 

I should like to state, as my conception of the cause of the bleeding 
and its prevention, that 

1. The more severe haemorrhages probably arise principally from cauteri- 
zation of the lung itself. 

2. They can most surely be prevented by using a weak glow and by burning 
as slowly as possible. 

In previous papers I have, from a practical point of view, classified the 
adhesions into three different groups: (1) apex, (2) lateral and (3) 
diaphragmatic. The limit between at least the first two classes is 
rather vague, and I have therefore fixed the second rib as the line between 
them. 

The most common ones are.of group 2, the lateral adhesions. Of my 
50 cases, 45 belong to this group. A part of them border on group 1, 
where we thus find the largest and thickest adhesions below the second 
rib and some smaller string-shaped ones higher up in the cupola itself. 
Or we find membrane-like adhesions, which continue toward the apex 
above the second rib. The reason why I have separated an upper group 
is. because of the more difficult technique which is required for the apex 
adhesions. The technique of these cauterizations has for its object to 
introduce the thoracoscope as high up as possible in the back, after the 
scapula has been pushed upward and forward. Others, for example, 
Skirgard, have found it suitable to insert the thoracoscope in front or 
in the axilla. It is possible that this technique is convenient for certain 
cases of adhesions to the anterior part of the chest wall, but I have no 
experience of this. 

The difficulty in cauterizing these adhesions lies in the following cir- 
cumstances. Most cavities exist in the apex of the lung, and these are 
fastened to the cupola itself by short adhesions. The movability of the 
lung in respiration is rather small here, and from this it follows that these 
adhesions during life are exposed to relatively little tension and are 
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therefore short, and consequently there is a risk of burning the lung. At 
all events, it is necessary to burn as close to the chest wall as possible, 
which often causes this operation to be rather painful. In this group 
I have had two peculiar cases, in- which the operation went well and the 
condition of the patient obviously improved, but after one or two months 
the patient suddenly fell ill with acute empyema, in the one case with 
mixed infection. The question arises whether the cauterization of the 
rather large adhesions has had any unfavorable influence and whether 
a rupture of the lung has taken place in some weak point, where the 
burning has been performed, or whether it has set in quite spontaneously. 
I cannot give any answer to this as I have not had an opportunity to 
see any autopsy. I wish merely to draw attention to it. 

The lateral adhesions from the area below the second rib to the dia- 
phragm are the most numerous. They are mostly quite easy to get at. 
If they are attached wholly in the lateral region, difficulties may some- 
times appear; in this respect, that if the burner also in introduced in the 
lateral region the hip bone may, as already mentioned, get in the way 
of one handling the burner with one hand. In such a case it is best to 
introduce the trocar for the burner either further forward or further 
backward. 

Diaphragmatic adhesions also deserve closer consideration. In all 
my cases of this kind it has happened that the lung above has been 
attached to the chest wall to such a high degree that it has not been 
possible to undertake any cauterization there. Besides, there have 
existed from one to several narrow, string-shaped adhesions to the dia- 
phragm. By burning them off it is possible to get the lung pushed up, 
and thereby also obtain a more complete collapse of the lung. From a 
technical point of view, the cauterization presents the difficulty that the 
patient must hold his breath during the cauterization, because otherwise 
the adhesions are in constant movement. If the cauterization succeeds 
in a single burning there is no difficulty; but if, as is generally the case, 
the galvanocautery has to be applied several times on this swinging 
band, it can be ever so troublesome technically to remove such ad- 
hesions. An advantage is that the burning of such adhesions is com- 
pletely painless. Another question is the practical use of such cauteri- 
zations. In my opinion, it is only in exceptional cases that there is any 
real benefit to be obtained by them. 
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INDICATIONS 


It is necessary before each cauterization to have an X-ray photograph 
of the collapsed lung with its adhesions. The first question that arises 
is, then, how much can be judged from the X-ray picture about the 
prospects of a successful operation. In cases where only one or two 
isolated, string-shaped, long adhesions are to be found, the indications 
are easy and one can assume at once that from a technical point of 
view it is possible and very likely easy to cauterize the adhesions. It 
is more difficult to decide those cases in which the X-ray apparently 
shows too thick adhesions, or in which relations are perfectly indistinct 
and one does not know the nature and extent of the adhesions. In the 
latter case one has to rely on the thoracoscope. In some cases the X-ray 
picture has been misleading with regard to the possibility of cauteriza- 
tion, for from it one got the impression that the lung was held expanded 
by a thin membrane, which could easily have been burned off. In one 
case the lung was broadly attached to the posterior chest wall and what 
looked like an adhesion was only a protruding fold from a place where 
the surfaces were grown together. The cauterization in the latter 
case (case 32) consequently did not succeed. This circumstance ought to 
be discovered, or at least suspected, if an X-ray picture is taken, both 
from front and back. I have more and more found that if seemingly 
string-shaped adhesions exist near the anterior or posterior chest wall, 
they are seldom free, but are attached to the chest wall throughout their 
length. The result of cauterization in such cases has been only the 
removal of the most protruding folds while the larger part of the adhesion 
remained. 

Undoubtedly, the best procedure in such cases is stereoscopic X-ray 
examination, which has been practised in our hospital only a few weeks. 
This method should also be of the greatest importance in the localiza- 
tion of other adhesions and their disposition in the pleural cavity. I 
believe, however, that in one respect its value is subject to certain limita- 
tions which are inherent in the ordinary X-ray picture, which usually 
shows too few adhesions. I can state that in the majority of the cauteri- 
zations there have always been found more adhesions than were visible on 
the X-ray picture. This is generally of less importance, because the 
unobserved adhesions are, as a rule, so thin that they do not present any 
serious obstacle to cauterization. 
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Experience shows, however, that cauterization in most cases is more 
difficult than can be expected from the X-ray picture. In one of my cases 
the X-ray showed very different conditions from what were actually 
found. It concerned a case sent to me for cauterization of a thick adhe- 
sion at the apex. From the X-ray photograph cauterization looked 
possible, but thoracoscopy made it evident that the adhesion was so 
thick that I would not even attempt cauterization. The patient was 
referred to Doctor Key for a plastic operation of the thorax. On account 
of the apparently limited thickness of the adhesion, visible by X-ray, 
Doctor Key attempted thoracotomy in the first interspace, with dis- 
section of the adhesion, as in a previous case, published by us together. 
But the adhesion was too thick even for such an operation, since it 
filled nearly the whole apex. Later, a thoracoplasty was performed. 
This case is not unique. From both the literature and private informa- 
tion, I have become familiar with cases in which attempted thoracotomy 
has revealed the adhesions to be much thicker than was originally sup- 
posed. In these cases the operation was consequently more difficult and 
involved more extensive interference than had been anticipated, and in 
the majority it had the very serious sequela of tuberculous empyema, 
with or without mixed infection. 

The other method to determine the possibility of operation is thoraco- 
scopy. This will, according to my opinion, become more and more 
important in deciding the possibility of operation in the more serious 
cases, not only with regard to cauterization but to other surgical methods. 

By thoracoscopy one gets a perfectly accurate picture of narrow, 
string-shaped adhesions, up to the thickness of a small finger. The 
difficulties appear in the case of membrane-like adhesions and those 
attached to the surface. 

In perhaps the majority of cases one can see the compressed lung in 
its proper color, grayish-blue with coal pigment, while the adhesion is 
grayish-red with distinct vessels in its longitudinal direction. The 
tissue is loose and spongy when pressed with the galvanocautery. Often 
the adhesion runs like a membrane along the ribs. It vibrates when 
the patient coughs or is shaken. In these cases there is also a trans- 
parent bluish color. Without doubt, there exists an organized, mem- 
brane-like granulation tissue, which has become stretched and forms the 
essential adhesion. These adhesions are the most favorable ones for 
cauterization, which may be done easily, rapidly, and without pain 
worth mentioning. The danger of haemorrhage can surely not be great. 
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I have burnt off adhesions with rather large, even varicose, vessels with- 
out any bleeding whatever. With some experience it is not difficult to 
see the difference between the lung and the adhesion. 

In other cases one sees the grayish-blue lung, with its coal pigment, 
stretching right out to the pleura, possibly with a small membrane, 


resembling a pleural membrane, in the fold between the lung and the: 


chest wall. In these cases the thing to do is to loosen the pleura around 
the point where the adhesion is attached. If it is attempted to continue 
the burning, the distance between the lung and the chest wall gets smaller 
and smaller, and it becomes really impossible to continue without pene- 
trating the lung. In such cases I have loosened the tissue around the 
adhesion as much as possible and then continued with pneumothorax 
treatment under high pressure. After an interval of time I have also 
performed a new cauterization in the same way. In one case I suc- 
ceeded the second time in burning off an attachment which proved im- 
possible at the first attempt (case 26). I think that it is in this way that 
one can, maybe in a limited number of cases, enlarge the scope of the 
method. I performed the operation in two or more stages in only 4 of 
my first 40 cases, using a moderate overpressure between the two stages. 
The essential reason for this procedure is that it enables me in still 
higher degree than before to avoid burning the lung. I think this matter 
is very important. In such cases, where the lung is directly attached 
without this intervening tissue, I do not think it advisable to force any 
cauterization. 

It is these latter cases, in which the adhesions in greater part are 
formed by lung tissue, which most often complicate the cauterization. 
In such cases one has to expect partly, as already mentioned, the exist- 
ence of larger vessels, and partly tuberculous changes and offshoots of 
cavities. The difference between this type of adhesions and the pre- 
ceding ones is not always distinct; there are transitional forms with both 
granulation and lung tissue, as proved by histological investigations 
which I have made. The string-shaped, stretched adhesions, thinner 
than a pencil, may well contain lung tissue and perhaps also offshoots 
from cavities, but they are still, in my opinion, not dangerous to burn off; 
just as in the case of haemorrhages one has to attach a certain impor- 
tance to the immediate, marked shrinkage of the adhesion after cauteriza- 
tion in preventing tuberculous infection of the pleura. While working 
with thoracoscopy, one can see the adhesion stumps shrink to half of 
their original size or more within a few minutes. Without doubt, 
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offshoots from cavities which exist there must be compressed and 
obliterated. This sounds bold and hypothetical, but I believe that it is 
so. If these adhesions are microscopically examined one finds not 
infrequently offshoots from cavities filled with necrotic tissue. To date, 
several hundred adhesions have been burnt off, and in only one known 
case (Holmboe) has a cavity been opened, with resulting mixed infec- 
tion in the pleura. In this case there was a surface adhesion of con- 
siderable thickness, and the operation had been going on for nearly two 
hours without succeeding in burning off the adhesion completely. The 
patient was so well on the second day after the operation that a new 
thoracoscopy was performed, but then quite unexpectedly there occcurred 
a sudden perforation of the lung with mixed infection and acute 
empyema, which in a few days proved fatal. The autopsy did not 
entirely reveal how the infection got into the pleura or how extensive 
the cauterization had been. In making this statement, it is not my in- 
tention to deny the unhappy effect of the operation. The incomplete 
cauterization in the case in question was perhaps of importance, because 
the shrinkage which occurred could not have resulted to the same degree 
from any other cause. 

The long and severe pleurisies after the operation seemed to be caused 
by the opening of tuberculous foci by the cauterization, and then the 
infection spreads to the pleural cavity. 

I have not infrequently had string-shaped adhesions, which at X-ray 
examination and on thoracoscopy have been technically easy and possible 
to burn off, but in which I have nevertheless not done it, because it was 
necessary to consider the clinical effect obtainable by the removal of the 
adhesions in question. According to Saugman’s and Gravesen’s statis- 
tics, the difference between the prognosis of those cases with and those 
without adhesions is so great that practically all string-shaped adhesions, 
which are technically possible of removal, provide an indication for 
cauterization. I believe that as long as one cannot, as is now the case, 
decide upon the risks of the operation, one ought to have some more 
definite indications. If, for instance, the case is one of a patient whose 
general condition is excellent, who has no sputum and whose compressed 
lung shows no sign of cavity, I have not considered the indications suffi- 
cient for operation. 

The unlimited possibilities of variation are, however, such that this 
rule cannot be absolute If a case has a cavity in the lung, and is 
without tubercle bacilli or sputum, and has the lung expanded by adhe- 
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sions, and is technically operable, then I consider it one for cauterization. 
In such a case, sputum or bacilli usually appear again sooner or later. 

In some cases, as Holmboe and myself have pointed out, there is no 
sputum, but after every introduction of gas the patient suffers an intense, 
irritating cough for several days, which bothers him a great deal and 
prevents sleep. In these the adhesions are as a rule very narrow and 
sometimes they do not even show on the X-ray photograph. I have not 
seen such symptoms in cases with extensive adhesions. I consider 
cases with such symptoms as full indications for cauterization; so much 
the more as these adhesions for the most part are very easy to remove. 

Finally, the presence of an exudate influences the indications for 
operation. According to my experience, which, however, is not very 
great, an existing pleurisy always becomes worse after a cauterization. I 
have in two cases seen a serious empyema set in as a nearly direct 
consequence of this. With a pleuritic exudate present, it is also, 
as already mentioned, difficult to determine the operative possibilities. 
The pleural surfaces are covered with fibrinous membrane and granula- 
tion tissue. The difference between lung and adhesion is not apparent: 
everything appears on a grayish background. In the cauterization 
itself one has to proceed with great caution, but it is not always as 
difficult as imagined. The adhesions appear very thick, but their outer 
layer is mostly loose granulation tissue, which is easy to penetrate. 
During pleurisy, one’s net impression is that no operation should be 
performed unless there are good prospects of a decidedly favorable effect. 

Other circumstances, which may influence the indications for cauteriza- 
tion, are the occurrence of tuberculosis in other places, such as the larynx, 
the other lung, and other organs of the body. 

Tuberculosis of the larynx is no contraindication. Tuberculosis in 
the other lung permits of cauterization only if it is necessary to continue 
the patient’s pneumothorax. In cases of tuberculosis of other organs 
the same rule holds. 

A summary of the indications for cauterization of adhesions will, 
therefore, be as follows: 

1. String-shaped adhesions up to the thickness of a little finger, 
found by X-ray examination, can always be burnt off, and this operation 
can, as a matter of fact, be done without great risk. The clinical result 
depends also upon other factors which I cannot go into with detail here. 

2. Membrane-shaped adhesions are similarly suitable for cauter- 
ization. The possibility of operating upon them is best decided by 
thoracoscopy (figs. 11 and 12). 
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3. With regard to surface adhesions, there is need for great precaution; 
and one should burn off only the granulation tissue which attaches the 
lung to the chest wall. By cauterizing the lung itself there is the risk 
of haemorrhages, as well as opening of tuberculous foci and cavities, 
with a consequent infection of the pleura. 


CRITICAL SURVEY OF OPERATIONS THUS FAR PERFORMED 


In a critical survey of the 50 cases, which I have already published, 
I will first consider those complications which followed operation im- 
mediately or ultimately. To begin with, we must refer to the skin 
emphysema of greater or less degree which appears at the points of 
puncture of the chest wall. This complication can cause trouble for 
one or two days, after which it disappears and is of no further conse- 
quence. Of greater importance, however, are the pleuritic exudates 
which may follow operation. In the following table I have set down the 
various results which occurred in my cases: 


. Cases without exudate 
. Cases with slight exudate 
. Cases with long-lasting exudate and fever 
4, Cases with long-lasting exudate with empyema 
5. Cases with exudate first appearing one to three months after operation 


The first group of cases has quite naturally eventuated very favorably. 
After a few days of fever the patients have the same low temperature as 
before operation. The same thing can be said about group 2, in which 
we have a small exudate which does not reach above the cupola of the 
diaphragm. In one or two weeks the exudate has disappeared completely. 
These pleurisies have, therefore, no influence on the clinical result, and, 
one is entitled to say that the operation in four of five cases has had no 
unfavorable influence on the clinical course. The third group comprises 
four cases in which the exudate together with a higher temperature and 
apparent influence on the general condition has remained for four to six 
weeks. Judged as a whole, the cases in this group had an ordinary 
tuberculous pleurisy. 

In the fourth group, which also comprised four cases, the pleurisy 
developing after the operation was at first of a serious nature and thus of 
the same character as in group 3. A tuberculous empyema appeared 
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after one or several months. In these cases the complication has had 
such a very unfortunate influence, that of these four cases three ended 
with death after one or two years, without doubt in no small degree 
caused by the weakened general condition through the chronic empyema. 
In the last group the condition has been good after the operation, but 
after a few months an exudate has appeared which in both cases turned 
to empyema. Nevertheless, both patients became better by and by, 
so that the prospects for the future are tolerably good. It is impossible 
to decide with certainty whether the cauterization had anything to do 
with the subsequent pleurisy. I believe that the empyema may have 
developed independently. 

Gravesen’s statistics show 2 cases of empyema and 4 of serous pleurisy 
out of 16 cases. Of Holmboe’s 12 cases, one had slight pleurisy and one 
severe, acute pleurisy and empyema with mixed infection, from which the 
patient died after four or five days. Taking the experience of all ob- 
servers together, it would seem that pleuritic exudate and empyema are 
about the most serious complications of this operation. The mortality 
of my cases has been about 6 per cent, which is, however, a maximum 
figure and should hardly be attributed wholly to the operation. On the 
other hand, it is evident that this complication is not so important that 
the method should not be used in suitable cases. 

I shall now pass on to the credit side of the procedure and in a table 
set down the results of operation on my own cases. I arranged the 
results in three groups, according to the position of the adhesions in the 
chest cavity. 


CAUTERIZA- 
TION SUF- 
NUMBER | FICrENTFOR| CLINICAL | INCOMPLETE 
RESULT | CAUTERI- 
OF CASES | COMPLETE 
COLLAPSE 
OF LUNG 
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To begin with, we have the apex adhesions. They are mostly short 
and technically difficult to reach with the galvanocautery. During 
cauterization pain is very often felt because of the proximity of the 
parietal pleura. In 4 out of 5 cases, the operation has succeeded techni- 
cally and resulted well clinically. The second group, lateral adhesions, 
comprises the main part of the cases. In 32 of them the operation was 
successful technically and in all but two was also followed by a favorable 
clinical result. In these two an empyema with the above mentioned 
sequela developed. 

In the third group, diaphragm adhesions, the technical difficulty is 
that the patient during the progress of the cauterization proper must 
hold his breath, because otherwise the adhesion will be in constant move- 
ment. Advantageous in such cases is the fact that their cauterization is 
entirely painless. In all cases of group 3 the technical result of opera- 
tion was successful, but only one case turned out well clinically. The 
lung has had extensive adhesions in the upper part of the chest, adhe- 
sions which it has not been possible to remove by this method. In 
removing diaphragm adhesions the aim of the operation has been 
to get a better compression of the lung in the upper part of the chest 
cavity. This is, according to my opinion, possible only in exceptional 
cases. 

Thus, the sum total of cases with clinically successful result has been 
35. Of the eleven cases in which only incomplete cauterization has been 
possible, in only one have I had a severe protracted pleurisy. 

With regard to other authors, Holmboe had 7 successful clinical results 
in 12 cases. In 16 cases, Gravesen had 9 technically successful ones, of 
which 7 were bacilli-free. Two of the incompletely cauterized cases 
took a change for the worse because of empyema and protracted fever. 
The cause seemed to be an attempt to extend the indications for opera- 
tion by burning off rather extensive adhesions. Among his cases it was 
not unusual to have the cauterization take place at several sittings, each 
of a duration of one hour or more. It is evident that the danger of 
exudate in such cases must be rather great. 

If now we summarize the results of all these 78 cases, published thus 
far, we find that in 55, or three-fourths of them, this method has been 
technically and completely successful in removing adhesions which 
prevented complete collapse of the lung. Naturally, the clinical result 
has not been so favorable, as only 49, or two-thirds of all cases, have been 
symptom-free. By again referring to the first table, we see therefore 
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that in these cases with adhesions one can better their prognosis so that it 
increases from 33.3 and 11.1 per cent, respectively, to not less than 70.2 
per cent. The mortality index would, according to the same table, fall 
from 66.66 and 86.7 per cent, respectively, to 23.4 per cent. Whether 
this in reality was so in the cases hitherto operated on I cannot say, 
partly because the time which has elapsed since the operation is too 
short and partly because patients have been sent to different sanatoria, 
and their further progress has not been under observation. A rapid 
survey of the facts available now would give a less favorable figure, 
since they point to a death index of between 30 and 40 per cent, which, 
however, of course has nothing to do with the operation itself. Many 
factors surely enter into play. The most common appears to have been 
that the patients were from the poorer classes and therefore unable to 
get proper nursing. The adhesion cases are often more severe than those 
in which a complete collapse is obtained at once. 

Although it has been impossible by this method to obtain as high a percent- 
age of clinically tmproved cases as in cases of simple, uncomplicated pneu- 
mothorax without adhesions, the procedure ought to be of permanent value 
in perhaps a limited number of pneumothorax cases with string-like or 
membrane-like adhesions. 


CASE REPORTS 


Case 10: Mrs. A. S., forty-two years. The patient fell ill in the beginning 
of December, 1914. Pulmonary tuberculosis diagnosed February 27, 1915. 
Admitted to Sanatorium Sifsjé, March 7, 1915. Whole of right lung affected: 
numerous cavities. Left lung intact. General condition very bad. Con- 
tinuedfever. Nocomplications. Pneumothoraxestablished April 29, 1915: 17 
inductions of air up to October 30, 1915; maximum each time, 700 cc.; highest 
pressure, +7, +8, H,O. After June 5, 1915, very slight exudate, lasting for 
several months and-present shortly before operation. General condition 
stationary, practically unimproved: increase in weight very slight, 44.5 
to 46.5 kg. Sputum somewhat less, but persisted with numerous tubercle 
bacilli. X-ray examination: Lung only half collapsed, although everywhere 
free except laterally, where attached by adhesion to third rib as far as lateral 
chest wall: open cavities everywhere (fig. 2). Operation, October 30, 1915: 
Anesthetic as usual. On thoracoscopy, surface of lung shows somewhat 
thickened serosa. Upward and laterally, there is a 3 to 4 cm. broad and flat 
adhesion, attached to chest wall. Orientation and cauterization particularly 
easy. Although cauterization, because of cavities close by, had to be performed 
as near chest wall as possible, patient felt very little pain. Lung collapsed 
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immediately, 3 to4cm. No haemorrhage. No exudate visible at operation. 
On X-ray examination immediately after the cauterization, lung was consid- 
erably more collapsed than before and cavities seemed smaller. Laterally, 
adhesion seen as rather thick stump in upper third of lung (fig. 3). On fol- 
lowing days, slight increase of temperature to 38.0° and 38.5°C. For about 
two weeks, small amount of exudate in sinus. After this time, normal 
temperature, progressive improvement, and increase in weight (chart 1). 
X-ray examination, November 4, 1915: Lung apparently yet more collapsed, 
although with cavities still discernible: burnt-off adhesion also still visible 
as stump attached to lung. Sputum decreased only relatively slowly, and 
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CuarT 1. SHOWING INCREASE OF WEIGHT SETTING IN IMMEDIATELY AFTER OPERATION 
on 10. 

on March 1, 1916, bacilli-free for the first time. X-ray examination, December 

11, 1915: Lung completely collapsed, without trace of cavity (fig. 4): adhesion 

no longer visible. Patient discharged April 15, 1916, with increased weight 

of 10 kg., and has since had inductions of gas every three or four weeks. 

Her condition has continuously been excellent: no cough. 


Critical Remarks: The operation was not without danger on account 
of the cavities; but it went easily although the adhesion was found to be 
somewhat stronger than could have been expected from the X-ray ex- 
amination. It was followed by amazing improvement. The patient’s 
septic condition ceased and her weight increased rapidly; but bacilli 
and sputum disappeared only slowly on account of the rigidity of the 
lung. 
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Case 30: G. C., accountant, born 1887. Onset of illness, September, 
1918. Admitted to Romanis Sanatorium, November 20, 1918. Pneu- 
mothorax established about March 20, 1919. During whole stay at sana- 
torium, temperature 37.0° to 38.0°C.: no particular improvement. Tubercle 
bacilliinsputum. Patient admitted May 18, 1919, for cauterization. General 
condition good. Sputum purulent, about 25 to 50 cc. daily: numerous tubercle 
bacilli. X-ray examination, May 19, 1919: Pneumothorax on left side; upper 
lobe, left lung, not collapsed and large cavity at apex: extensive adhesions 
down to second rib impeded the collapse of the lung (fig. 10). Thoracoscopy, 
May 20, 1919: Lung only moderately compressed, with distinct lobuli : only 
one single broad adhesion with apex at uppermost limit, to be seen. For some 
time following, frequent refillings of nitrogen given. Operation, June 3, 1919: 
Lung now considerably more compressed, with the adhesion extending upward, 
more stretched: cauterization of offshoots of adhesion extending downward 
attempted: these cauterized together with overlying pleura on under side of 
adhesion: then, attempts made with chisel to loosen bluntly adhesion from 
the parietal pleura: this apparently went well, but soon small haemorrhage 
occurred and procedure was discontinued: moderately severe pain during 
cauterization, less during blunt dissection of adhesion with chisel: no reaction 
afterward. X-ray examination: Not different from last examination except 
for small notch in adhesion. Pneumothorax fillings continued with rather 
high pressure, twice a week. X-ray examination, July 18, 1919: Condition 
of the adhesions at the apex of the left lung, on the whole unchanged. To 
decide presence of cavity in lateral apex or of air spaces connected with 
pneumothorax cavity, which might be separated by band-like adhesions, an 
X-ray examination performed in high pelvic position after injection of 300 
cc. salt solution into the pneumothorax cavity. In this position all markings 
at apex were found denser than before, which indicated that they communi- 
cated with the pneumothorax cavity. Second operation, July 22, 1919: Re- 
mains of previous cauterization noted as grayish-blue spots on lung surface 
at thoracoscopy. At present cauterization, tissue within adhesion found 
particularly firm and resistant. Cauterization as far back as possible and 
continued forward. Suddenly an empty space appeared: this was defined 
in front by a coarse adhesion. As far upward and forward as one could reach, 
the thin adhesion was first cauterized. The thick adhesion became narrower 
and also soft and limp, upward and backward. Further cauterization was 
therefore impossible. For a considerable distance, and, as it seemed, enough 
to collapse the cavity, the lung was loosened laterally. No haemorrhage 
occurred. Pains, radiating to the left arm, were now and then very severe. 
At X-ray examination the lung was found to be loosened right up to the middle 
of the cupola. Patient discharged August 4, 1919, on the whole feeling very 
well. Continued pneumothorax treatment at the dispensary. Cough sub- 
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sequently increased a little. No marked and energetic compression was 
undertaken, because of stomach trouble. The latter was evidently due, as 
was discovered later, to severe psychic shock. On September 8, 1919, or one 
and a half months after second operation, ,patient suffered a sudden fit of 
shivering, and fever and slight stitch in left side. This increased, and dysp- 
nea set in; and, after a few days, there was found a clear exudate, which 
revealed no bacteria on cultivation. The left half of the chest was under 
strong tension, and on September 14 aspiration of 900 cc. of gas brought 
considerable relief. During the following days, 400 to 500 cc. gas were 
aspirated every day or two. Gradually, the pain diminished. Temperature, 
which had been as high as 40.0°C., fell to between 38.0° and 39.0°. However, 
the patient’s general condition became considerably worse. Patient again 
admitted to Serafimerlasarett, September 25, 1919. His condition was now 
bad, although since the stitch appeared in the left side his sputum had ceased. 
X-ray examination: Lung completely collapsed; no visible cavity; lower third 
of pleural cavity filled with exudate (fig. 11). Aspiration of 1300 cc. thickened 
turbid opaque fluid, September 29. Thoracoscopy: Pleural surfaces very 
red and fibrinous; here and there small haemorrhages; lung markedly com- 
pressed and covered with fibrin; upper lobe conical with apex adherent to 
cupola; places on lung surface where cauterization had been previously per- 
formed, also covered with glistening, white fibrinous, membranous areas; 
no visible fistula anywhere. Later, during the autumn, typical tuberculous 
empyema developed with small fistulae on the chest wall. In spite of this, 
the patient gradually became afebrile and by April, 1920, he had increased 
20 kg. in weight. Pleural exudate had to be drawn off only at intervals of 
from one to two months. As far as one can judge at present, his prospects 
are rather good. 


Critical remarks: This case is of great interest from several aspects. 
Its main problem lay in the apical adhesion, which has always proved 
difficult of removal. This particular case was no exception to the rule. 
At first I tried only to loosen the pleura around the adhesions, partly 
bluntly with a chisel, and then attempted to get further loosening of 
adhesions from the chest wall by high intrathoracic pressure. This 
did not succeed, although high pressure was kept up for six weeks. The 
operation that followed was rather troublesome. The adhesions were 
fibrous and very short. The pain for that reason was very bad. Com- 
plete severance of the adhesion was not accomplished, but enough was 
burnt off to assure complete compression of the lung. Before this was 
done, 300 cc. of salt solution were injected for diagnostic purposes, and to 
decide whether we were dealing with a real adhesion and not the wall 
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of a cavity. In this way it was made certain that there really was 
a string-like adhesion. The immediate result of the operation was 
satisfactory, but in spite of this the patient could not recover on account 
of a very bad nervous shock, which we at that time did not know any- 
thing about. Any stronger compression was not undertaken. Six 
weeks later a violent acute serous pleurisy developed, which by and by 
passed over into a tuberculous empyema, but without mixed infection. 
One may wonder whether the empyema was due to the operation. I 
have never been able to gain a clear comprehension of this. One would 
think that, if the operation was the cause of it, the empyema ought to 
have appeared long before it did, as happened in other observed cases. 
Further, this is not such a very rare complication in pneumothorax 
treatment in general. Yet, on the other hand, it is possible that after 
the operation a weakening of the lung wall opposite a cavity occurred 
and that the infection of the pleura took place from this. In spite of all 
this, the case evolved favorably, with complete collapse of the lung, cessa- 
tion of sputum and marked increase of weight. Without doubt, in 
spite of complicating features, the operation had a highly beneficial 
effect. 


Case 38: E. K., architect, age thirty-five years. Pulmonary tuberculosis 
diagnosed December, 1918. Pneumothorax induced early in May, 1919. The 
general condition improved, but sputum and bacilli continued. Admitted, 


January 19, 1920, for cauterization. General condition good. X-ray exam- 


imation: Lung broadly attached in upper part of pleural cavity down to 
second rib and also by coarse, band-like adhesions to middle of diaphragm 
(fig. 7); medium-sized cavity in uncollapsed part of lung. Operation, January 
21, 1920: Thoracoscopy shows three string-like adhesions toward diaphragm, 
the anterior one of the thickness of a small finger, the middle like a thick string, 
and the posterior one a little coarser and continuing backward as a membrane; 
the middle one moved particularly with respiration; above, the lung was 
apparently densely attached to the chest wall, but no details could be seen. 
Cauterization of the middle and posterior adhesions went rather easily, but 
the anterior one was rather difficult, partly because of its fibrous nature and 
partly because the patient had to hold his breath every time a piece was 
burnt off by the cautery. The cauterization was performed without the 
slightest pain or haemorrhage but took a rather long time. After the operation 
a small exudate developed which, however, did not reach above the middle 
of the cupola. Test puncture revealed a clear, serous fluid with lymphocytes. 
This was negative for guinea pigs. No rise of temperature above 37.5°. 
Sputum, which before the cauterization was 10 cc. daily, gradually disappeared 
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entirely. No tubercle bacilli on February 22, 1920, or afterward. X-ray 
examination, January 24, 1920: Fluid to level of middle of cupola of dia- 
phragm; lung obviously better compressed; cavities above are smaller but 
still visible (fig. 8). 


Critical remarks: This. case is of more than ordinary interest. It 
was a case in which one desired, by cauterizing the adhesions to the 
diaphragm, to obtain a better compression of the upper portion of the 
lung, which was broadly adherent to the chest wall. The rapid and 
favorable effect of the operation (freedom from sputum and bacilli in 
about a fortnight) showed definitely that our judgment had been right. 
It is also interesting that this improvement appeared before the visible 
cavities had quite disappeared. This indicates that sputum had come 
from other parts of the lung, which had been compressed by the cauteri- 
zation. From a technical point of view the operation was rather difficult, 
because the actual cauterization had to be performed in small portions, 
during which the patient had to hold his breath each time. 


Case 56: B., clerk, twenty years. In January, 1921, patient rather suddenly 
fell ill with shivering and cough, stayed at home for a week, and then was 
admitted to Sabbatsberg, where pulmonary tuberculosis of right lung was 
diagnosed. There he has had pneumothorax treatment since March 22, 1921. 
Tubercle bacilli in sputum during all this time. Haemoptysis of about 3 
tablespoonfuls, June 26; otherwise, condition fairly good. Since August, 
1921, afebrile, and expectoration less, but cough still rather bad. Lost 5 
kg. during the sanatorium treatment. Within the last month a moderate 
exudate has appeared on pneumothorax side. After discharge, treated at 
dispensary here. X-ray examination, February 24, 1921: Right lung col- 
lapsed to great extent; partly membrane-like and partly string-shaped adhesions 
extending upward from upper part; just external to hilum a rounded well- 
defined cavity, about the size of a walnut. Admitted to hospital, March 24. 
General condition good. Pneumothorax above upper half of right lung; 
dulness below angle of scapula; splashing sound on shaking. X-ray examina- 
tion, March 27: Free exudate on pneumothorax side, reaching fourth costal 
cartilage; lung somewhat compressed from underneath by this exudate; cavity 
about one-third former size; otherwise, as on previous examination. Sputum: 
Mucopurulent, about 20 to 40 cc. daily; tubercle bacilli scanty. Operation, 
March 30: Thoracoscopy shows pleural surfaces quite red and thickened, 
and without visible ribs or interspaces; tuberculous nodules also visible; 
laterally and above, a broad adhesion stretching upward toward apex. At 
cauterization the adhesion was found to be particularly fibrous and firm, and 
the cauterization proceeded very slowly. After half an hour the platinum 
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needle broke and the operation had to be interrupted. No haemorrhages or 
pain occurred, in spite of being near the parietal pleura. X-ray examination, 
Apri] 1: Large, splashing layer of fluid in right pleural cavity to level of fifth 
rib; outline of adhesion, reaching up toward pleural thickening, corresponding 
. to fourth rib posteriorly, which was visible on preceding plate, not to be fotind 
this time; on the other hand, outline of adhesion corresponding to position of 
second rib anteriorly, is rather abruptly broken off, probably being the place 
where the cauterization had been performed; lung has collapsed still further. 
Second operation, April 11: On thoracoscopy, old scar looked about the same 
as at previous examination, although edges were more covered with fibrin 
and more haemorrhagic than before. In burning there was some firm, scle- 
rotic tissue as before, and the operation proceeded very slowly in spite of a 
strong glow. The last part of the operation proceeded in such a manner that 
the platinum needle was bent like a hook, after which the adhesion was gripped 
from behind and then rather easily burnt off. The lung collapsed several 
centimetres, without pain or haemorrhage. The pleura was the most sensi- 
tive one that I have ever come across. On section the adhesion appeared oval 
and about 3 fingerbreadths in thickness. X-ray examination, April 13: The 
large adhesion at apex is now completely burnt off; lung, therefore, collapsed 
further and above-mentioned cavity now smaller; high level of fluid in pleural 
cavity. After a few days of fever, the post-operative condition of the patient 


improved. The sputum diminished to about 15 cc. daily and became free 
from tubercle bacilli. 


Critical remarks: This case is of great interest because in several re- 
spects it differs from those encountered previously. In the first place, 
there was a pleuritic exudate before operation; and, as I have already 
pointed out, this condition is unfavorable, since pleurisies have always 
grown worse after operation. It is as yet too early to decide whether 
this is going to be the case here, for too short a time has elapsed since the 
operation. Indication for operation in this case was the circumstance 
that collapse of the large cavity was prevented by the adhesion. -In 
the second place, it was found by cauterization that the adhesion was 
very much thicker than could have been suspected from the X-ray ex- 
amination; in addition, its texture was so firm that it was necessary to 
use a much stronger glow than before, and this made it highly probably 
that one might burn the lung itself. What allowed me to carry the 
operation to completion was that the cavity was situated relatively far 
away from the point of cauterization of the adhesion, and this was a 
quite natural and sufficient protection against the serious complications 
above mentioned. As far as it is possible to judge now, we may expect a 
clinically favorable course. 
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Fic. 5 Fic. 6 


Fic. 1. Patient’s position on healthy side during cauterization. The thoracoscope is 
introduced far back in the scapular line and the galvanocautery is introduced in the midaxil- 
lary line. This picture is of a case with lateral adhesions, high up just below the second rib. 

Fics. 2,3 anp 4. X-ray photographs of a case with fairly thick lateral adhesion, which 
prevented collapse of very cavernous lung. Figure 2 is immediately before the cauterization. 
Figure 3 is ten to fifteen minutes after cauterization, and shows the immediate, marked 
collapse of the lung. Figure 4 was taken about a month after operation, when the lung 
was completely collapsed and when sputum and fever had disappeared. 

Fics. 5 AND 6. Case of adhesions at apex, which prevented collapse of large cavity in 
upper lobe of lung. Figure 5 taken before operation. Figure 6 after second operation, when 
the apex adhesion was removed, and shows the lung now completely collapsed. 
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Fic. 10 


Fic. 11 Fic. 12 


Fics. 7 AND 8. Case with adhesion to diaphragm before and after cauterization. 

Fics. 9 anp 10. With large adhesion at apex before and after cauterization. 

Fics. 11 anp 12. Membrane-like adhesion during different stages of cauterization. Figure 
11 shows the galvanocautery applied to the middle of the adhesion, while figure 12 shows the 
cauterization near its completion, when the shrinking of the adhesion is particularly evident. 
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A NOTE ON COMPRESSION OF THE LUNG BY PARAFFIN 
OIL IN THE PLEURAL CAVITY 


EDWARD ARCHIBALD 
Montreal 


There are certain disadvantages inherent in the procedure of artificial 
pneumothorax, of which the chief are the necessity of frequent refills 
and the danger of pleural effusions, sometimes infected, leading to ad- 
hesions and the not infrequent loss of the pleural space. Some time 
ago it occurred to me, as it must have occurred to others, that the use 
of an aseptic and nonabsorbable substance, instead of air, might obviate 
these disadvantages; and paraffin oil somewhat naturally suggested 
itself. The present communication deals with a series of fourteen 
experiments in this direction. Paraffin oil, in various amounts, was 
injected into the right pleural cavity in 11 cats, 1 dog, 1 sheep and 
1 goat. The cats were not found to be very suitable, as the oil almost 
invariably found its way through the very filmy mediastinum into the 
other side of the chest, although no anatomical communication could be 
discovered. For this reason largely, the other three animals, with stiffer 
mediastinal tissues, were ultimately included. 

There is no need in this place to give the details of the experiments 
seriatim. It will suffice to set down the main facts observed and the 
conclusions. 

Our first idea that paraffin oil, which in ten instances was Nujol, 
would remain unabsorbed in the pleura, was found to be erroneous. 
Postmortem examinations after from two weeks to two months demon- 
strated a very considerable disappearance of the oil injected, running 
from 25 to 50 per cent of the original quantity. In one case albolene, 
prepared by McKesson and Robbins, was used, and after two months 
approximately four-fifths was recovered from the chest. Thereupon, 
760 cc. of this substance was injected during two and a half weeks into 
a goat, and 1000 cc: during twelve days into a sheep. In the former, 
after the lapse of one month, 450 cc. and in the latter, after fifty-eight 
days, about 460 cc. were recovered. 

The conclusion is, therefore, that from the standpoint of the necessity 
of refills paraffin oil cannot be relied upon to remain inert in the pleural 
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A further point that was necessary to the investigation concerned the 
effect of the oil upon the pleura. If it were found to cause adhesions, 
one would hardly be inclined to use it. As to this, the experiments 
showed that in a majority of the cases there occurred a slight aseptic 
inflammatory reaction, as the result of which minute nodules of fibrinous 
exudate became attached to the pleura and were ultimately organized. 
Most of these gave rise to no adhesions between the pleural leaves, but 
some did. The greater part of the pleural space remained free; but 
pocketing would occur chiefly in the lower third of the thorax. In a 
few cases the exudate of fibrin was found to be very considerable, and 
adhesions were extensive. In none of these latter cases could infection 
be demonstrated by cultures. The paraffin oil used was neutral to 
litmus. On the whole, the results fell far short of one’s expectation in 
the matter of pleural reaction. 

A third point concerned the possibility of estimating the degree of 
lung collapse by X-ray examination. Here, too, we were disappointed 
in that it was found that paraffin oil allowed the rays to pass about as 
freely as does normal lung tissue. In the smaller animals the outline 
of the compressed lung in the X-ray plate could not be made out defi- 
nitely. In the larger animals this was possible although difficult. 
One might, however, expect in the human being, dealing as we do with 
the denser lung body rendered still more dense by disease, to be able to 
see the lung outline with comparative ease, after compression by the 
oil. A number of trials were made in the direction of making the oil 
impervious to the rays by the addition of a soluble silver salt, bismuth, 
and sodium bromide, but it was found that in order to get a proper 
emulsion of the oil containing any of these substances it was necessary 
to add at least 25 per cent of water and gum acacia. This made a fluid 
so thick that it was difficult to inject, and adhesions seemed to be more 
easily provoked. 

In view of all these facts, the conclusion seemed to impose itself that 
further work along this line was hardly worth while, unless one could 
find some other substance than paraffin oil, which would not become 
absorbed and would not provoke pleural reaction. The study served 
to emphasize the advantage of air for pneumothorax work, particularly 
in such matters as X-ray control, comparative lack of pleural irritation, 
manometric control of tension (found impossible, by the way, to register 
in the case of oil) and ease of removal in the event of unfavorable pres- 
sure symptoms. 


THE TREATMENT AND ORGANIZATION FOR COMBATING 
SURGICAL TUBERCULOSIS AT THE SURGICAL UNIVER- 
SITY CLINIC OF FRANKFURT-AM-MAIN, GERMANY! 


MAX FLESCH-THEBESIUS? 
From the Surgical University Clinic of Frankfurt-am-Main, Professor Dr. V.Schmieden, Director 


The misery brought on by the war has caused an enormous increase 
of all types of tuberculosis in Germany. In chart 1 is shown the mor- 
tality from pulmonary tuberculosis in the city of Dresden from 1910 to 
1920. This is taken from the collection of the Museum of Hygiene of 
that city and corresponds to the statistical results obtained in other 
parts of Germany. Only a few districts escaped the terrible increase of 
tuberculosis in the years 1918 and 1919, a circumstance which goes to 
prove that the increase was not due to an increase in the virulence of the 
tubercle bacilli, but to the decreased resistance brought about by the 
hunger blockade. 

The following points stand out in the statistics: (1) a great increase 
of tuberculosis in the years 1918 and 1919; (2) a decrease of mortality in 
1920 to the prewar level, owing to the better living conditions through 
importation of food; (3) the increase of mortality in the spring months; 
and (4) the comparatively low mortality in 1913. Statistics of our clinic 
for the same period of time show the same conditions. However, our 
greatest mortality from pulmonary tuberculosis was reached in 1918 and 
that from surgical tuberculosis in 1919, probably because the latter was 
a sequel of the former. The reduction to the prewar level in 1920 is, 
however, only apparent. In fact, the total incidence of tuberculosis 
is higher when we consider that before 1919 we admitted principally 
children and since that time principally adults, and still the total ad- 
missions for surgical tuberculosis have remained the same. The increase 
of surgical tuberculosis has brought one good feature in its train. It 
has attracted attention to this special form of tuberculosis and every- 
where attempts are being made to improve the condition of those 
afflicted. 

1 Translated by Dr. G. Mannheimer, New York City. 


2 Assistant of the Clinic. 
900 


y¥— 
4 


Monthly admission of cases f surgical tuberculosis 


in the clinic of Frankfurt since 1910. 


TREATMENT OF SURGICAL TUBERCULOSIS 


The Deathrate of 


CHart 1 


pulmonary tuberculosis in Dresden 


901 


1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 1920 ad 
45 
j 40 
35 
30 
20 
15 

| 
10 


CHART 2 


in the se Les. 
1890 ge 
if 
if : 
50 
40 
| 
| 20 
| 10 
| : 
q 
5 
APES 
BERET | 


902 MAX FLESCH-THEBESIUS 


In treatment we see two opposite methods, the conservative and the 
operative. Neither method can be used to the exclusion of the other. 
One-sided enthusiasm creates bias. Bier errs on the side of conservatism, 
although he succeeded in proving that surgical tuberculosis is curable in 
most cases without mutilating operations. It remains to be seen whether 
he can achieve 68 per cent of permanent cures with his conservative treat- 
ment, which is the ratio of the operative method. If we compare the 
results of operative intervention (Koenig, Garré, Kocher) with those of 
conservative procedures (Bernhard, Rollier, Halsted, Bier), if we analyze 
the experiences of the various German institutions for surgical tuber- 
culosis as well as our own material which comprises eighty patients all 
the year round, we come to the cenclusion that a middle course is the 
most beneficial and efficient. 

Two principles must guide the treatment: (1) strict individualization 
is necessary in every case and (2) surgical tuberculosis is only a part of a 
general infection. For instance, as regards the first principle, tuber- 
culosis of the weight-bearing joints requires different procedures than 
tuberculosis of the wrist. Changes are often necessary in the course of 
treatment; for the purely conservative methods may have to be in- 
terrupted by smaller or larger operations or the various general thera- 
peutic measures have to be put in action alternately. Sunlight may act 
beneficially at first and later may lose its effect and have to be replaced 
by the Alpine lamp. Brine baths, salt rubs, tuberculin injections, 
X-ray treatments and applications of heat in various forms may have to 
be used. The body becomes habituated to one and the same stimulus, 
but reacts again to a new one. Hence results are obtained with all sorts 
of cutaneous irritants, including the methods of Petruschky and Ponn- 
dorf, or with injections of all sorts of foreign proteins. In the second 
place, as surgical tuberculosis is only a localization of a general process, 
no decisive result can be obtained without general treatment. This 
becomes apparent when we examine routinely the lungs of every case of 
surgical tuberculosis. The experience of our clinic where this plan is 
followed out shows that at least 60 per cent of our patients reveal old 
or recent pulmonary foci. This is borne out by the well-known fact that 
20 to 25 per cent of patients with surgical tuberculosis die of pulmonary 
tuberculosis in the course of observation—quite in contrast to Volkmann’s 
teaching that bone and joint foci give rise to pulmonary as well as to 
generalized tuberculosis. An example of what exclusive operative treat- 
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ment of surgical tuberculosis may do is represented in figure 1. This 
patient underwent successive operations for spondylitis, for tuberculosis 
of the left, then of the right elbow and of the left knee, until finally he 
succumbed to a pulmonary hemorrhage. Such cases are deplorable. 
The general treatment should always take precedence. Operations like 
other local measures are only adjuvants. 


Fic. 1. RESULTS OF PURELY OPERATIVE TREATMENT OF SURGICAL TUBERCULOSIS 


Spondylitis, amputation of right arm and hip because of tuberculosis of elbow and knee, 
and contracture of left elbow due to tuberculosis. Death from hemoptysis. 


We have formulated the following indications for operative inter- 
vention: (1) isolated foci if they are easily accessible, except spina ventosa, 
(2) mixed infection, (3) advanced age, (4) progressive deterioration of 
the general condition, and (5) social considerations. With children 
of the poorer classes, restoration of free mobility is more important than 
rapid healing of a focus. 
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Before going into the details of the therapeutic programme, a few 
remarks as to diagnosis may be in order. Frequently, tuberculosis is 
assumed where it does not exist, as, for instance, in cervical adenitis. 
The anamnesis is of great help. In the majority of instances there has 
been contact with an open case of pulmonary tuberculosis. A physical 
examination of the lungs and the various tuberculin tests furnish addi- 
tional evidence. Our routine is to make a Pirquet test on the first day 
and an intracutaneous test on the third. The results are recorded on 
charts as in figure 2._ These tests carry little weight in the case of adults, 
but serve as a guide for the dose of tuberculin to be injected hypoder- 
mically in doubtful cases. If the cutaneous reactions are not very 
marked, we begin with 1 mgm. O. T. (made fresh once a week), and 


Name: E.M., 16 years 
Diagnosis; Spondylitis lumbalis 


Date 1 day | 2days 
Mayl. 1921\ Pirquet |H) | + | + 
1921\0.T.1:1000| + | + | +t 


Mayd. 1921|0T1:10000| — |— | + | + 


(+) area smaller than 1cm 
+ « Jorger Icm 
+> ” » 


Fic, 2. SPECIMEN RECORD OF PIRQUET AND INTRACUTANEOUS TESTS 


increase it to 5 and 10 mgm. But if the skin tests reveal the 
body to be strongly allergic or if serious lung complications exist, we 
use smaller doses. The focal, local, and general reactions point out 
the right way. The auto-urine reaction of Wildbolz is cumbersome and 
not superior to the skin tests. Inoculation of suspected secretions into 
animals may prove negative. Even exploratory excision of suspected 
tissue may not show tuberculosis on microscopic examination, although 
the subsequent course reveals that to be the true lesion, simply because 
the examiner just missed minute cheesy foci under the microscope. 
Moreover, it may take months for tuberculous foci to become visible 
on the X-ray plate. One is frequently amazed at operation at the extent 
of bone destruction which had been missed by the roentgen rays. 
Compare figures 3A and 3B. 
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The mainstays of conservative treatment are heliotherapy, hyperemia 
and administration of iodides. The two former act in the same way. 
Both produce hyperemia, as evidenced by the slight swelling, warming 
and increased blood volume of the parts involved. Both produce 
liquefaction of diseased tissue; the discharge becomes thin and ulti- 
mately disappears altogether. Administration of iodides hastens the 


Fic. 3. To SHow Contrast BETWEEN IMPRESSION OF BONE DESTRUCTION GAINED FROM 
ROENTGENOGRAM AND THE ACTUAL AMOUNT OF DESTRUCTION 


A: Roentgenogram of tuberculous elbow. 
B: Resected bones of same elbow. 


absorption of diseased tissue. Iodine accumulates in the bandaged 
areas. Salomon found more iodine in the constricted extremity of . 
animals after injection of iodine into the back than in the nonconstricted 
control extremity. In human beings 38 per cent less iodine is excreted 
in the urine if constricting bandages are applied to the thighs simultane- 
ously with the injection. Both sun and hyperemia have an analgesic 
effect. The vascular dilatation is supposed to allow extravasation of 
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serum and imbibition by nerve endings with consequent diminution of 
nerve conduction. 

We start patients by placing them in the open air in the shade for a 
few hours. Then we expose them to the sun, that is, first the feet for a 
few minutes three times a day; then, gradually ascending, the other 
parts; then, gradually lengthening the time, until finally the whole body 
is exposed for seven hours at a time. This does not mean that the 
schedule has to be observed with stop-watch in hand. On the contrary, 
we add or subtract time according to the reaction of each patient. We 
avoid the hottest sun. Altogether it takes about twelve days until a 
patient can spend several hours in the sun. Then he has usually be- 
come so hardened that he can be in the air day and night without ever 
catching cold. 

We apply the constricting bandage three times a day for four hours 
with one hour’s interval; for instance, from 7 to 11 A.m., 12 to 4, and 5 to 
9 p.m. The bandage must be broad, far removed from the diseased 
part and so adjusted that one can put a finger under it with ease. The 
extremity should feel slightly warmer than its mate, but should be only a 
trifle discolored. Patients soon learn how to apply the proper pressure. 
They take sodium iodide immediately before applying the bandage and 
gradually increase the dose up to 1 gm., three times a day, omitting it 
for a few days if unpleasant effects occur. In the absence of sunshine 
we use other radiations, such as the short-wave ultraviolet rays of the 
quartz lamp, the long-wave heat rays of the osram lamp with the aspheric 
mirror of Kisch, the sollux and the aureol lamps, and X-rays. 

The fact that each author has good results with the particular rays he 
uses justifies the supposition that they all must have something in 
common. These results must also lead us to discount the exaggerated 
claims of high altitudes, notwithstanding the many advantages the latter 
have over the lowlands. Let us bear in mind that the penetrating 
power of the solar as well as of the ultraviolet rays of the quartz lamp is 
very small. These chemically active rays are absorbed beneath the skin 
by the blood vessels. The distance, for instance, of the head of the femur 
from the skin (7 cm.) amounts to about three times the penetrating power 
of the sun. The rays, then, act through their constitutional effect. 
In the sun-baked mountains of the Tyrol surgical tuberculosis is common. 
Still, our city children recover if sent there for prolonged periods. It is 
not the sun alone but the change of climate which produces that health- 
ful modification of the bodily functions (Umstimmung). According to 
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Juengling, as much ultraviolet radiation is available in one summer’s 
day as in a whole winter month in the plains. Therefore, if only the 
ultraviolet rays were productive of good, sunlight would accomplish far 
better results in summer than in winter. This is, however, not the case, 
as is exemplified by the experience of the Hohenlychen Sanatorium, an 
institution near Berlin attached to Bier’s clinic. According to Derno, 
ultraviolet radiation in the high altitudes is least in spring. Still, 
Rollier reports that the sun in spring produces the strongest pigmenta- 
tion; and pigmentation to him is an index to reactivity and prognosis. 
Finally, while the sun rays lose some of their intensity in moist or impure 
air, the ultraviolet rays lose most, the heat rays only very little. Be- 
cause of these facts, Kisch proposed to use, in place of the sun, only such 
lamps that principally emit heat rays. Under his lamp, made by Zeiss 
(Jena), the temperature of the skin is raised from 43° to 47°C., under the 
sun to 42°, under the aureol lamp only to 33°, and under the quartz 
lamp to 22.5°, at a distance of 75 cm. It is understood that the measure- 
ments are taken over the same skin areas, as there is a normal variation 
amounting to several degrees of different areas. Pigmented skin, for 
instance, is decidedly cooler than nonpigmented. Pigmentation from the 
sun or from the Kisch lamp is an increasing brownish discoloration, while 
that from the quartz lamp is reddish brown and stops increasing after a 
while. At a depth of 600 metres miners frequently work in a tempera- 
ture of 36° to 37°C. and never turn brown. On the other hand, the skin 
easily browns under a heating pad. It is therefore the combination of 
radiating heat with the chemically active rays which is responsible for 
pigmentation. Pigment is supposed to be a protective agent against too 
intense light. Rollier’s view that pigment serves to transform rays of 
short wave into those of long wave and thereby facilitate their penetra- 
tion is less plausible. Light-skinned persons brown with more difficulty 
than brunettes because, on account of their greater reaction, they are 
exposed to the sun more timidly. The prognostic value of the degree of 
pigmentation has to be restricted accordingly. 

We treat our patients with X-rays in our large roentgenotherapeutic 
division, and are conducting control tests with the various other rays. 
We have not yet analyzed our results. The technique of our X-ray 
treatment has been described by Dr. Holfelder in various lectures during 
his recent visit to the United States and:has appeared in the American 
Journal of Roentgenology, June, 1922. 
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We make extensive use of the fresh air cure, on the supposition that the 
skin is an organ endowed with immunizing powers which ought to be 
stimulated and utilized for healing purposes. Our patients.are gradually 
accustomed to fresh air and lie on open verandas day and night, even 
during the coldest weather. This continued stay in the open air has an 
alterative effect on the body, similar to that of heliotherapy. The 
effect should not be weakened by taking the patients back to the room 
at night. While we thus stimulate the whole body we must give it 
abundant nourishment. Otherwise, the stimulation might prove useless 
or even harmful. The body weight serves as an indication of whether 
a treatment is efficient and when it ought to be changed. The same 
holds true for the urobilinogen reaction. We make this test every two 
weeks, and if we find it repeatedly positive we change the treatment. 
We make extensive use of brine baths and frictions with brine. The 
latter procedure is carried out as follows: The patient is washed three 
times a week with a strong saline solution (three handfuls of common 
salt or seasalt to a basin of water) by means of a soaked and wrung out 
turkish towel, with good friction until the entire skin becomes red and 
warm. He then rests in bed for an hour. Most patients feel tired after 
these ablutions and develop a better appetite. 

Postural treatment aims at preserving the function of the diseased and 
neighboring joints by regular passive and active motions. ‘These mild 
motions, although theoretically contraindicated, work well in practice. 
Only in ambulant patients with disease of thespine or of the lower extrem- 
ities do we apply plaster of paris. The plaster cast is made removable. 
It is not meant to immobilize, but to take off weight. The latter effect 
is produced in clinic patients by mild extension, with five-pound weights 
attached to the malleoli or to the knee by simple cloth cuffs. The joints 
are passively moved thrice daily and the muscles are massaged to prevent 
atrophy. Children are placed in modified Rollier girdles fastened to the 
mattress. The case shown in figure 4A to 4D illustrates the dis- 
advantages of immobilization and the advantages of functional treat- 
ment. A young girl who had been in a sanatorium for several weeks on 
account of pulmonary tuberculosis came to us in June, 1920, with a 
beginning tuberculosis of the carpus. The wrist was fixed with a plaster 
splint and regularly treated with X-rays. In February, 1921, numerous 
sinuses had developed, motion was absent and the X-ray picture revealed 
such advanced destruction that resection was out of the question. The 
splint was removed and the above mentioned treatment instituted. 
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Four months later clinical improvement was marked. The X-ray re- 
vealed a return of the trabeculation of the radius and a reappearance of 
the contours of the carpal bones. In October, 1921, the bony structures 
appeared normal and function was fair. 


A 


Fic. 4 


A: Beginning tuberculosis of carpus. July 8, 1920. 

B: Advanced tuberculosis of same wrist after eight months of immobilization and X-ray 
treatment February 23, 1921. 

C: Beginning healing after four months of functional treatment: sharper contours and 
return of trabeculation. June 15, 1921. 

D: Healing almost complete. October 10, 1921. 
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In spondylitis we use extension on both feet with the body as a counter- 
weight. In high spondylitis we fasten the weight to the head with a 
towel placed around the head behind the occipital protuberance. This 
simple device is sufficient to take off weight and relieve pain. To pre- 
vent gibbus formation we insert a hard pillow under the diseased part, 


A 
Fic. 6 


A: Tuberculous peritonitis. 
B: Recovery after laparotomy and climatic treatment. 


gradually make it thicker and slowly increase the time of exposure. 
Cold abscesses are aspirated in an oblique direction as often as necessary, 
but nothing is injected. To illustrate our results two additional cases 
are here reproduced (figures 5A to 5C and 6A and 6B). 

The average duration for a functional repair in joint tuberculosis is 
about ten months except in coxitis, in which it is considerably longer. 
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ORGANIZATION FOR COMBATING SURGICAL TUBERCULOSIS 


Our clinic has several divisions in charge of experienced assistants. 
The division for surgical tuberculosis has 50 beds and tries to carry out 
a uniform method of treatment. Thus, on the one hand, the patients 
reap the benefit of special devices, and, on the other, the scientific 
evaluation of the material is facilitated. In close connection with this 
division of our clinic we maintain a special tuberculosis class in our 
surgical dispensary. This class takes care of patients discharged from 
the clinic and is open to the physicians of the city, that they may send 
their needy patients for special diagnostic procedures and special treat- 
ment. There the visiting nurse becomes acquainted with the patients 
and consults with us as to the social measures to be carried out by the 
local antituberculosis society. Both our stationary and ambulatory 
patients use the sun garden on our grounds, which is a meadow fenced in, 
freely exposed to the sun, with room for 100 patients, and with reclining 
chairs and shower baths. We intend to establish in the nearby Taunus 
Mountains a sanatorium for surgical tuberculosis, so as to give our 
patients the benefits of change of climate and forest air. This surgical 
sanatorium is to be affiliated with an already existing sanatorium for 
pulmonary tuberculosis at an altitude of 450 metres. The routine 
examination of the chest by experts will be facilitated thereby, and 
conservative measures may be carried out to better advantage, after the 
clinic has established the diagnosis, laid down the plan of treatment and 
performed the necessary operations. As already mentioned, all our 
clinic patients are examined by a lung specialist. All spondylitis cases 
are also shown toa neurologist. Thus a great many questions arise which 
bring us into contact with other institutions, such as consultations with 
the chemico-physiological institute on the accumulation of iodine in the 
muscles peripheral to the constricting band, after iodine has been in- 
jected intravenously, with the cancer institute on the development of 
cancer on the basis of lupus, with the meteorologist on the influence of 
climate, and with the bacteriologist and pathologist on many special 
points. Besides, our expert opinion on cases is frequently asked. by 
insurance companies. Coincidently with the progress of our tuberculosis 
division we have developed the division for deep X-ray therapy, and 
phototherapy and our collection for teaching purposes (see diagram). 
The latter contains specimens of tuberculous joints, kidneys, etc., 
obtained at operation or at necropsy, microscopic sections, X-ray 
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pictures, diapositives of various stages of disease and healing, expert 
opinions on all cases, a tuberculosis library, reprints and abstracts of all 
papers pertaining to the subject of surgical tuberculosis, photographs and 
statistical tables. 
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DIAGRAM OF ORGANIZATION OF THE CLINIC 


In this way, our tuberculosis division has grown within one year into 
a small research institute. We hope that our scheme of handling surgical 
tuberculosis will prove of interest to other workers at home and abroad 
and that they in turn will publish their methods and results to mutual 
advantage and for the benefit of this particular class of sufferers. 
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LARYNGEAL TUBERCULOSIS FROM THE POINT OF VIEW 
OF THE PULMONARY SPECIALIST" 


CHARLES L MINOR 


Asheville, North Carolina 


The study and treatment of pulmonary tuberculosis make constant 
demands on the physician for the use of laryngoscopy, and no lung 
specialist who uses the laryngoscope systematically can fail to have 
unusual opportunities to detect and study those earliest changes in 
the larynx, the diagnostic value of which is so great in this disease, 
and to form very definite impressions as regards the diagnosis, prognosis 
and treatment of: laryngeal tuberculosis. 

It is unfortunately true that few physicians command a practical 
use of the laryngoscope or are familiar with laryngoscopic diagnosis, 
any more than they are with the use of the ophthalmoscope; and, 
while we lung specialists should be an exception to this rule, it is 
only true of us to a limited degree. The result of this failure to recog- 
nize that the larynx is an essential part of the respiratory system, which 
must be studied in every complete pulmonary examination, has been 
to delay disastrously the early diagnosis of tuberculous laryngitis in 
very many cases, so that it is too often not found in those stages when 
it is most curable, but only discovered when pronounced symptoms, 
such as hoarseness, dysphagia, aphonia, etc., force it upon the physi- 
cian’s attention. When these symptoms appear the case is sent to the 
laryngologist, who usually finds it so far advanced as to offer little 
prospect of successful treatment. Hence, not only does the patient 
very often lose all chances of a cure, but the laryngologist is likely to 
form an unduly pessimistic view as to its curability. 

Indeed, the laryngologist, unless he lives in a health resort, and thus 
has ample opportunity for seeing tuberculosis cases, rarely I believe 
has a chance to see really incipient cases of laryngeal tuberculosis, owing 
to the fact that early trouble does not produce notable symptoms, such 
as would lead a layman to consult a throat specialist of his own accord, 


1 Read at a meeting of the Southern Section of the American Laryngological, Rhinologi- 
cal and Otological Society, at Asheville, North Carolina, January 29, 1921. 
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and also to the fault of physicians who refer their throat cases to the 
throat specialist too late. A careful study of the treatment of laryngeal 
tuberculosis in the various textbooks on the subject shows that in the 
large majority the illustrations given and the descriptions written of the 
disease are not of its really early forms. The majority of the cases 
are hopelessly advanced. ‘The few books which are notable exceptions 
to this rule are distinctly in the minority. 

If the use of the laryngoscope were more general, the early changes 
which are to be found in so large a number of pulmonary cases, and 
which with experience are not difficult of recognition, could be easily 
found. Various observers have reported different percentages of in- 
cidence of laryngeal tuberculosis in the course of pulmonary disease, 
the rate varying from 13.8 per cent as given by Wiligk to 97.0 per cent 
by Schaffer. Kidd in Adlbutt’s System considers fifty per cent a fair 
average. I have not had time to look up my past records, and to give 
you my statistics, but I am very sure that Schech’s 30 per cent, if any- 
thing, underestimates the real state of affairs. 

The conscientious laryngologist does not fail to use his stethoscope 
as an aid in the diagnosis of many doubtful cases of laryngitis, and in 
this way I yearly see numbers of cases of pulmonary tuberculosis which 
have been discovered by throat men and sent to the pulmonary specialist. 
I feel equally that the lung specialist should always use the laryngoscope 
to confirm his diagnosis of pulmonary trouble, and then send the cases 
to the-throat specialist for treatment. 

Many men, I believe, hold off from using the laryngoscope because 
they think it will be too difficult to learn to use, or that it will be too 
much trouble; but a few lessons in the technique, followed by an honest 
inspection of the throat of every case, will I am sure in six weeks or less 
give a doctor an easy command of this beautiful and simple diagnostic 
instrument, and, when that command is acquired, it is only a question 
of time, intelligence, opportunity and close observation before he will 
become thoroughly familiar with the changes which suggest tuber- 
culosis in the larynx. 

I would now review my impressions as to the early changes in the 
larynx in this disease, and I would first say that in the absence of a 
careful examination of the lungs, revealing to us tuberculous involve- 
ment, many of these changes in themselves are not absolutely diagnostic, 
whereas, when the lungs have been studied and their condition is known, 
the diagnostic value of certain changes is enormously increased. Fur- 
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ther, it is well to remember that pachydermia, catarrh, syphilis and some 
other conditions can very closely simulate tuberculosis, and that there- 
fore to think that the diagnosis of tuberculosis of the larynx is always 
easy would be a great error. Here it might be apposite to quote that 
great authority on laryngeal matters, Schnitzler of Vienna, who has 
said very wisely, ‘““With knowledge grows doubt. Of this view of 
Goethe’s I am often unconsciously reminded when I compare my present 
doubt in the diagnosis of difficult cases with the confidence with which 
I thought I could unravel the most complicated findings.” However, 
I do not believe any careful worker would allow himself to diagnose 
tuberculosis purely from a laryngoscopic inspection without searching 
carefully elsewhere in the body for corroboration by the discovery there 
of other tuberculous changes. Of course, some of the situations that 
meet us are very difficult, especially the combination of syphilis and 
tuberculosis in the same ulcer, and again the combination of tuberculosis 
and cancer, or the differentiation of some syphilitic from some tuber- 
culous ulcers; but these difficult situations are not for me to discuss in 
this place, nor do they occur in cases where the question of extremely 
early diagnosis comes up. 

Coming to the changes which we are studying, I would say that the 
departures from the normal which are of value to us can be classified as 
catarrhal, infiltrative, ulcerative and tumor-forming, oedema not being 
in itself strictly diagnostic. Formerly much stress was laid on the value 
of change in color, and a great deal has been said on the importance of 
the discovery of pallor of the mucous membrane, either of the soft palate 
or of the larynx proper. This view has been supported by so many 
excellent men in the past that one does not like to contradict it too 
strongly; but I am glad to say that of recent years many writers have 
combated it, and it is now generally recognized that, while pallor is 
often found in the mucous membranes in laryngeal tuberculosis, it -is 
not a reliable diagnostic feature, as a similar pallor can often be found 
in cases of marked general anaemia and in prostrating and exhausting 
conditions. When, however, it is found in conjunction with other 
suspicious signs, it has of course some value. J. Solis-Cohen, in speak- 
ing of the color changes in the larynx, hasstated very correctly that acute 
processes are generally ushered in by congestion, chronic ones by pallor. 

As to catarrhal conditions, they are not in themselves diagnostic of 
tubercle and, unfortunately, nontuberculous catarrh can imitate almost 
any of the conditions produced by a tuberculous catarrh, and this fact 
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must be kept ever before us. Not a few tuberculous patients show a 
generalized, laryngeal catarrh, and such a general catarrh very frequently 
precedes the outbreak of definite tuberculous trouble, but no wise man 
would base a diagnosis on this alone. When, however, the catarrh is 
unilateral, patchy and persistent, while the other side is normal, it has 
ereat diagnostic significance and is not likely to be found in any condi- 
tion but tuberculosis. There is one form of change which is common 
both to catarrh and to the development of tuberculosis, which I have 
found to be of great value and to which I have elsewhere referred. 
I mean the grayish wrinkling and thickening of the mucous membrane 
of the posterior commissure, found in a large number of tuberculous 
cases. While, like in other catarrhal manifestations, one cannot claim 
it to be diagnostic, it is yet extremely suspicious, and if it is watched 
carefully, as it should be when found, it will be discovered in the tuber- 
culous to be an early step in the development of more definite laryngeal 
manifestations. 

A majority, however, of the early diagnostic changes will come under 
the head of infiltration; and I think we will all agree that the commonest 
site of the infiltration is in the posterior commissure, more usually cen- 
tral, but also to one side or the other. The table-like elevation of the 
posterior commissure, centrally located, I believe to be a very reliable 
early finding (though this too can be imitated by catarrhal change), 
and in this view I am entirely in accord with Schnitzler. These eleva- 
tions usually show a groove down their centres, which can disappear if 
they thicken and enlarge. The mucous membrane is generally a pale, 
grayish-pink, but at times it may be uniformly gray and wrinkled (Schnitz- 
ler), and again it may be reddened and angry. While, as I have said, 
this condition can be produced by catarrh, the longer I study the larynx 
in tuberculosis the more I am satisfied that such an elevation in this 
region is extremely diagnostic of the presence of laryngeal tuberculosis. 
The further course of such an elevation varies. Sometimes its centre 

reaks down into a typical ulcer, which may remain localized, or may 
reach up on to the upper surface of the arytenoid region, or spread for- 
ward on to the insertion of the cord, on one or both sides. Quite fre- 
quently this ulcer develops abundant granulations on its base. At 
times, instead of abundant ones, it will throw out a horn-like, pointed 
one in the centre. At times the mass does not break down, but enlarges 
somewhat, organizes slowly, and finally forms a firm, resistant, fibrous 
mass, which, if one had not watched it from its beginning, one would 


é 


918 CHARLES L. MINOR 


take for a tuberculoma. Again, under the use of iodoform, it may gradu- 
ally shrink and almost, but rarely totally, disappear, leaving a larynx 
that seems normal. 

When the thickening is not central but is eccentric, it is apt to involve 
the posterior insertion of the true cord, and thicken the posterior end 
of the cord at the same time. Casselberry considered a small grayish- 
white, triangular ulcer or fissure at the insertion of the posterior cord 
and in the centre of this infiltration the best early diagnostic sign of 
tubercle which he knew; but I am inclined to believe that the table- 
like elevation of which I have spoken is more frequently seen. 

In a letter of March 8, 1911, Casselberry thus expressed to me his 
views on the earliest changes in laryngeal tuberculosis: 


I am quite in accord with you as to the individual lesions, although you 
attach more significance to a centrally located hyperplasia of the in- 
terarytenoid fold, while I lay the greater stress upon a lateral hyperplasia or 
infiltration which commences in the vicinity of a vocal process and, as it 
progresses, forms first a crease and later a fissure toward one side in the inter- 
arytenoid fold. I agree that central hyperplasia is a more common lesion, 
but do not consider that much reliance is to be placed upon it alone, as a sign 
of tuberculosis, as it occurs in all sorts of inflammation of the larynx. That 
is, a nontuberculous central infiltration may be confusingly similar to that of 
tuberculous origin, whereas the lateral lesion, although less frequent, is in my 
experience quite characteristic of tuberculosis. 


The infiltration of the posterior end of one or both cords is also of very 
great value. The processus vocalis is enlarged, the whole posterior 
portion of the cord reddened and thickened, and if it is bilateral, as 
is frequently the case, the intervening mucous membrane is wrinkled 
and red, sometimes however gray. However, the inexperienced must 
be careful not to mistake the changes in pachydermia for the condition 
of which I speak. Here, on the one side you have a prominent processus, 
and on the other side a pit in the cord from the pressure of this promi- 
nence. Thickening, enlargement and reddening of an arytenoid on one 
side or the other at once excite our suspicion. The antero-posterior 
diameter of the central arytenoid region is increased, and the cartilages 
of Santorini and Wrisberg are one or both greatly thickened and rounded, 
the mucous membrane over them usually being reddened. 

Personally, I have not found infiltrations or ulcerations of the ary- 
epiglottic fold very early, but a localized reddened infiltration of the 
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true cord, not involving the whole cord, as in the typical spindle-shaped 
cord, but of only a small portion of it, is not I believe caused by anything 
but tubercle. While spindle-shaped swellings of the cord are not as 
early as more localized thickenings, they are of course of great diagnostic 
value, though even here there are other conditions which can produce 
such swellings that cannot be distinguished from tuberculous ones. 
Infiltrations of the false cord, of one side or the other or of both, have 
very great value; and, where I find in an otherwise normal larynx an 
infiltrated and thickened cord on one side, not overlapping the true 
cord but encroaching upon the normal width in some portion of its 
course, I am rarely disappointed later in finding the change to be of 
tuberculous origin. * It is seldom in early cases that both true cords are 
hidden from sight, as they are by later thickenings of the false cords; 
but a slight overlapping is not uncommon and is always suspicious. 
Unlike many tuberculous changes in the larynx, you may find both false 
cords thickened at the same time, one however generally to a greater 
extent than the other. In my experience, owing to pressure conditions 
I believe, the mucous membrane of the upper surface of a diseased false 
cord tends to become yellowish-pink, and it is at these sites that later 
a rebellious serpiginous ulcer may develop. At times, the infiltration 
of the false cord may be very massive, the enlargement being vertical 
as well as horizontal and, like all changes of the false cord, very productive 
of at least hoarseness, and often of aphonia. 

The epiglottis is not, in my experience, quite so common a site of early 
changes as the regions already referred to; and I believe that small 
thickenings of the edge are more common and more early than the well 
known thickenings of the centre of the posterior surface. These small 
swellings of the edge are usually red and angry in their centres and pale 
towards their borders, and tend quite early to break down into ulcers, 
which are very intractable. 

The early ulcerations of the larynx show themselves first either on 
the centre of the posterior commissure or at the insertion of the posterior 
end of a cord or localized on a small area of the free edge of the cord. 
The typical, mouse-like eating out of the edge of one cord, which I 
believe to be always caused by tuberculosis, appears somewhat later. 
When we consider the pathological condition of the tissues in tuberculosis 
of the larynx, it is evident that real tuberculous ulcerations follow in- 
filtrations and are therefore not as early as are these latter, but they 
often appear very soon, and, if treated with lactic acid or formaldehyde- 
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glycerin, my preference being for the former, the results are admirable. 
True, good authorities claim that many of the ulcers in the larynx are 
not strictly tuberculous, but are simply erosions of the mucous membrane 
occurring in the larynx of a tuberculous subject, whereas the real tuber- 
culous ulcer occurs from the breaking down of a tuberculous infiltration. 
Lenox Brown cites Heinze, who, in pathological examinations of 49 
apparently tuberculous larynges, found 83 per cent to be tuberculous 
and 17 per cent nontuberculous. The demonstration of bacilli on their 
surface proved nothing, since they may have been deposited there from 
the sputum, and only by cutting out a portion of the ulcer and studying 
it microscopically could it be determined that it was or was not tuber- 
culous, and in America this is not a procedure we are likely to follow; 
but I am inclined to think it wise to regard and treat all ulcerations in a 
tuberculous larynx as tuberculous, even if it may give us a rather unduly 
favorable view of their curability. However, even when the ulcer 
shows the undermined ragged edges and the grayish deposits on its 
base of a typical tuberculous ulcer, so that there can be no doubt about 
its tuberculous nature, it can still yield splendid results to local treatment. 
The earliest ulcers are those which I have referred ‘to as spoken of by 
Casselberry, small angular ones tending to become fissures at the pos- 
terior insertion of the cord. From the bases of tuberculous ulcers may 
arise either large rounded masses, pointed pyramidal masses, or many 
pointed granulations in the posterior commissure; and, while these of 
course are not extremely early changes, they are yet so diagnostic and 
striking as to have great value for the physician. When they are present 
there seems to be a favorable fibroid tendency, so that while they do 
not disappear they tend to organize, shrinking somewhat and _ be- 
coming firm and hard, and can remain for a long time with no bad 
effects except that when they are situated, as they are apt to be, on 
the posterior commissure, they can produce very persistent hoarseness. 
However, with patience and care, I have seen them slowly shrink until 
they almost disappeared, leaving a result both as to appearance and 
as to voice that one could not have believed possible. However, this 
organization occurs chiefly in the rounded and pointed forms, and not 
in those with numerous pointed granulations, which are more apt to 
break down, undermine and spread. 

The ulcers which form on the upper surface of the false cord are 
sometimes typical, undermined, ragged, and serpiginous, but are more 
apt to be like superficial erosions, and neither kind is very amenable to 
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treatment. Ulceration of the epiglottis is an extremely trying lesion 
because, while it can come early, it tends to spread rapidly, causes great 
dysphagia, and is very rebellious to treatment. My friend and col- 
league, Doctor Greene, has obtained for me such admirable results in 
certain of these cases by epiglottidectomy that I do not think it worth 
while to treat them, if they are at all extensive, by other measures, and 
would advise their amputation as soon as possible. The results are 
often unbelievably brilliant. 

Ulcerations of the free edge of the cord, if the patient preserves ab- 
solute silence, can give us very good results at times; but ulcerations 
spreading out onto the cord from an ulcerated posterior commissure 
and forming the well-known horseshoe-shape ulcer are of very bad prog- 
nostic significance. 

Tumor formations, with one exception, are not early. The exception 
is a small, long, pointed tumor, subglottic in origin, and appearing from 
underneath the anterior commissure, protruding like a small nipple. 
It is usually slow in growth and, in my experience, rather favorable in 
its results, though at times it produces troublesome hoarseness. All 
the other changes, with which the books are filled, the turbaned epi- 
glottis, the oedematous arytenoid, the extensive, dirty, spreading ul- 
cerations, the perichondritis, etc., have nothing to do with the subject 
of the early changes in the larynx in this disease; and, as physicians 
become more careful and thorough in their examinations, I believe that 
cases of tuberculosis of the larynx are going to be seen so much earlier 
that you will see less and less of these unfavorable and ill-omened con- 
ditions, which are responsible for the very bad repute which this disease 
has with the profession generally. 

It is to be noted that the cases which I have seen have almost all of 
them been known to me to have tuberculosis in their lungs before I 
have examined their throats, and therefore I can feel much more certain 
of my position than can the man who chances in a routine laryngeal 
examination to find some of these changes in persons who seem otherwise 
perfectly healthy; but a careful examination of the history and of the 
lungs is always at his disposal and, when any of the conditions that I 
have spoken of are found in the larynx, he would certainly be hope- 
lessly derelict in his duty to his patient unless such an examination were 
made. By themselves, as I have said, they will not allow the physician 
to be too positive in his diagnosis, but, combined with the findings in 
the lungs, one can afford to make a positive statement. It is astonish- 
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ing at times to see how even good men will fail to go into the history 
and condition of a patient thoroughly and thus not recognize the tuber- 
culous nature of conditions in the throat which come to them. 

Within the week I have seen an instructive case of this nature. A 
young man, before he went into the war in 1917, had a rather trouble- 
some cough for some weeks, and, while his health in the army was good, 
the cough persisted most of the time. He came out of the army in 1919 
feeling well, but still with some cough and hoarseness. He went to a 
prominent laryngologist, who examined him and said that he needed 
a tonsillectomy. ‘The tonsils were removed; but the cough continued, 
and the physician treated the nose locally in various ways, and had the 
patient under observation for a year. The patient, fearing tuberculosis, 
suggested this possibility to the physician, who belittled it, saying that 
he looked too perfectly well for such a thing to be possible, and refused 
to examine his sputum or his lungs. Later, the patient had the good 
fortune to be referred to another equally well-known man who at once 
suspected trouble, examined his sputum, and put him on systematic 
laryngeal treatment and sent him to a lung specialist, who found tuber- 
culosis. Both lungs are considerably involved, and the larynx shows 
changes which in themselves are not typical, but which combined with 
the findings in the lungs are -sufficient to stamp the laryngeal involve- 
ment as tuberculous. It is disastrous that many men seem to think 
that dysphagia must be found before they can think of the possibility 
of tuberculosis. It simply serves to remind us that in medicine nothing 
can be taken for granted and that no opinion is justified that is not backed 
up by a complete and conscientious examination. 

A difficulty, under which the laryngologist labors, is that he cannot 
usually have his patients as closely under his eye and their lives as 
strictly supervised as can the lung specialist, and that thus the patient 
usually misses the favorable conditions yielded by sanatorium treatment 
and outdoor life. If, however, the cases are seen by him sufficiently 
early and he can arrange to get for them proper conditions of living, I 
believe that the general view as regards the very bad prognosis of 
laryngeal tuberculosis would undergo a great change and become much 
less pessimistic. It is not usually advisable for a lung specialist to 
undertake the treatment of such cases himself. He is not technically 
prepared to carry out the many valuable therapeutic instrumental 
procedures which may be necessary. But I do believe that, in uncom- 
plicated cases of infiltrative tuberculosis of the larynx, he can, by strict 
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rest of the voice, through silence, and by carrying out what Bosworth 
has called the mild treatment of these cases, get very excellent results. 
Indeed, very active local treatment in the beginning is usually contra- 
indicated. The mild treatment, as I have used it, consists first, of 
local cleanliness through the use of simple alkaline sprays; second, where 
congestion is a feature of the trouble, the use of mild astringent sprays; 
third, where stimulation and healing are necessary, the use of oily sprays 
in which menthol, eucalyptus and gaultheria are usually ingredients. 
Catarrhal conditions, in my experience, whether tuberculous or simple, 
yield admirably to this very simple treatment. When however, we 
find infiltration, as in the changes which I have described earlier, the 
addition to the former treatment of the insufflation of powdered iodo- 
form will, I am satisfied as a result of ample experience, cause in a very 
large number the gradual reabsorption of such infiltrations and the cure 
of the trouble, even though so good an authority as Lockhard disbelieves 
in the practice. I have not found it difficult to teach the patients how 
to insufflate their own larynges on wakening and on going to bed, al- 
though there are certain people with an idiosyncrasy to iodoform, in 
whom it acts as an irritant, or whom it nauseates, and where it has to 
be given up. It sometimes causes a slight cough for a little while, but 
this is not troublesome. As to the patient’s ability to blow the powder 
into the larynx, we all know that they succeed with orthoform, this 
frequently checking severe pain; and, where orthoform can go iodoform 
will also go. The mode of its action is simple and plain. Iodoform in 
the presence of living cells gives off nascent iodine, which is far more 
active than ordinary iodine and than which there is no better tubercu- 
locide known. This iodine is discharged into the infiltrated tissue and 
slowly causes its absorption and disappearance. I have used it for 
too many years (twenty-five) and in too many cases to.doubt the causa- 
tive relation of the disappearance of the infiltration and the use of the 
iodoform, or to justify the claim that it is merely a coincidence. If 
one doubts the patient’s ability to apply it correctly, naturally the 
patient must be trained how to insufflate correctly while he inhales and 
how to put the point of the insufflator in the correct position. The 
patient should apply it daily. but I personally think it very unwise to. 
make a tuberculosis patient come daily to the doctor’s office for a 
treatment. 

In ulcerated cases it is by no means so useful, and, in these, local 
applications are far better and, unless the lung specialist is especially 


924 CHARLES L. MINOR 


skilful in the use of the laryngeal applicator, patients with ulcers had 
best be sent to the laryngologist for local treatment, and in these early 
ulcers the use of lactic acid-glycerine or formaldehyde-glycerine produces 
very brilliant results. 

So essential to the laryngologist’s success with these patients isthe 
condition of the general vitality that it would be wise, since he can 
. scarcely watch this feature of the case, to have all his tuberculous larynx 
cases watched by a man skilled in the treatment of their lungs, the regu- 
lation of their lives, the raising of their vitality, and the bracing up of 
their morale. 

May I here be permitted a few words as to some of the results of laryn- 
geal surgery, which I, seeing the cases after the laryngologist has finished 
with them, have a better opportunity to watch than you gentlemen? 
I refer to the not infrequent cases of the waking up of a hitherto entirely 
latent tuberculosis through a tonsillectomy or through some laryngeal 
operation. I have not rarely seen such interference the starting point 
of a desperate and fatal pharyngeal or laryngeal tuberculosis, or, much 
more frequently, the beginning of an active pulmonary tuberculous 
involvement, doubtless through the trauma of the operation disseminat- 
ing tuberculous matter which had been hidden in the tonsils or other 
tissues. For this reason, I believe that it is very important, if the snare 
is used, that the tonsils be very well freed before the wire is applied, so 
that the pressure can by no means disseminate infective matter when 
the loop is tightened, and to do all such operations as cleanly and gently 
as possible. 

Again, I see not a few cases of tuberculosis, whose history shows that 
the beginning was due to the anaesthetic used for a tonsillar or other 
operation. I will not here open up the to me intensely interesting question 
of posttonsillectomy pulmonary abscesses. In the years I have been 
treating tuberculosis I have seen so many cases where a history of .an 
anaesthesia by ether, in a hitherto healthy person, followed by the develop- 
ment of a cough and then of tuberculosis, is plainly given, that I feel, 
despite the fact that the great majority of patients who take ether 
for these purposes escape with no bad results, that this question of the 
possible danger of etherization as an initiator of tuberculosis must be 
seriously considered before every operation. I fully realize the comfort to 
the operator of a deeply anaesthetized patient, which makes his opera- 
tive technique so much more easy and exact, but the gain in these ways 
is more than counterbalanced when we realize that that sleeping tuber- 
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culous focus which all of us carry may be and often is wakened into 
activity by the irritation of the anaesthetic in the lungs. 

Moreover, I believe it has been sufficiently demonstrated that, with 
the use of novocaine and adrenalin, a beautiful and satisfactory anaes- 
thesia can be produced in the larynx, pharynx or tonsils, and that, save 
in children who are so terrified that they cannot be kept quiet, it should 
be the anaesthetic of election in all laryngological work. 

Finally, since tuberculosis so often affects the larynx, your specialty 
and mine are bound to be closely related, and it is most desirable that 
the men working in both these branches of our profession should seek 
to see these problems through the eyes of the other specialty and not 
purely in the light of their own. The lung specialist needs to thoroughly 
command the use of the laryngoscope and have a comprehension of the 
changes in early laryngeal tuberculosis. The laryngologist needs to 
be a careful examiner of chests, or at least to know when the lung specia- 
list should be called in. The former should be carefully on the lookout 
for laryngeal changes and symptoms in his patients and promptly call 
to his aid the laryngologist when he finds those slight departures from 
normal which are either positively diagnostic or at least strongly sus- 
picious. The laryngologist needs I believe to consider the condition 
of the lungs of all his patients, especially those who cough, and examine 
them thoroughly much more often than he now does, or at least he must be 
able to take a good general history and to recognize the symptoms and 
signs which point to possible tuberculosis and then to refer the case to a 
competent man for examination; and he should give up the very preva- 
lent custom of treating coughs as though they were purely of local 
laryngeal origin. When he does this, he will find that in a large number 
the real origin of the cough is in the lungs. To treat a cough locally, 
unless you know the lungs are normal, is in these days simple malpractice. 
When we look at cases in this light, not only will our two branches of 
the profession benefit, but, what is far more important, our patients 
will get far better results from our treatment. 


THE EFFECT OF SIX WEEKS’ BED REST UPON PATIENTS 
ENTERING TRUDEAU SANATORIUM 


LAWRASON BROWN anp FRED H. HEISE 
Trudeau, New Y ork 


With a feeling that intensive bed rest for a period of six weeks would 
benefit all cases of pulmonary tuberculosis at the onset of treatment, 
regardless of symptoms, two cottages were set aside at the Trudeau 
Sanatorium as “‘rest squad cottages.” As far as possible, those on the 
waiting list having a more recent onset of disease, but irrespective of 
extent, were selected to undergo this special rest treatment. All others 
were admitted in the regular way and had the usual but no intensive 
rest treatment, except for acute illness. These cases are later desig- 
nated as ‘‘no rest cases.” 

After being admitted to the ‘‘rest squad”’ the patients were put to bed 
for a period of six weeks. Meals were served at the cottages and the 
patients were allowed to eat at a common table in their bathrobes. 
After six weeks of bed treatment the patients were allowed to become 
ambulant as follows: For the first day, one meal was taken at the main 
dining hall, two minutes’ walking distance. On the second day the 
patient remained at the cottage. If all went well he was allowed to 
walk to one meal on the third and fourth days. On the fifth day he 
was allowed to go to two meals, and on the sixth day to only one. On the 

, seventh and eighth days he was permitted to walk to two meals. On 
the ninth day, three meals at the main dining hall were allowed; on the 
tenth day two, and on the eleventh and three subsequent days three 
meals. After this the patient was transferred to another cottage. Of 
course, if there were any contraindications for walking, the patient 
remained in bed. 

While at the cottages, the patients were under the supervision of a 
nurse. Temperature, pulse and other records were kept daily. Weigh- 
ing was done once weekly, and once weekly, also, conferences of patient 
and physician were held. At these conferences the patients inquired 
into the whys and wherefores of treatment, the nature and prognosis of 
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the disease in general, and they were advised regarding changes in mode 
of living and future care of themselves. 

In all, 161 cases were treated in the “rest squad” and 629 cases other- 
wise during the same period. The following table shows the diagnosis 


of these cases: 
TABLE 1 


REST CASES 


Per cent 


Moderately advanced 
Far advanced 


In 80 per cent of the “rest’”’ and 47 per cent of the “‘no rest” cases 
treatment preliminary to entrance to the sanatorium was taken for one 
month or less. In the “rest” cases, preliminary treatment ranged from 
a few days to eleven and a half months, and in the “no rest” cases from a 
few days to twenty-four months. 

Treatment in the sanatorium lasted for the “‘rest”’ cases from one and 
a half to twelve months, and for the “no rest” cases from one to seven- 
teen months. Five and six months residence occurred in 49 per cent 
of the “rest” and 40 per cent of the “‘no rest” cases. 

Preliminary and sanatorium treatment combined lasted seven months 
or less in 76 per cent of the “rest”? cases and 64 per cent of the “no 
rest” cases. Therefore, on the whole, the ‘‘no rest” cases had a some- 
what longer period of total treatment at the time of discharge. The 
“rest” cases had, on the average, one month less treatment than the 
“no rest” cases. 

All cases were subdivided according to diagnosis, and further sub- 
divided according to character and extent of the X-ray lesion. Analyses 
of the cases were then made, with the following points in mind: 

1. Discharge condition, namely, apparently arrested, quiescent, 
improved, unimproved. 

2. Changes in X-ray findings, that is, increase, decrease or no change 
in extent or intensity of the lesion at discharge, compared to findings 
on admission. 


NO REST CASES 
Number Pe Number Per cent 
Suspected tuberculosis. ..............0seeee0- 9 5 29 6 
99 55 349 61 
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3. Increase, decrease, no change or development of rales, when com- 
paring admission and discharge examinations. 

4. Occurrence, persistence or disappearance of tubercle bacilli. 

Nontuberculous and suspected tuberculosis cases were not considered 
in the final analysis, which showed that practically no difference existed 
between the “rest” and “‘no rest” groups. The results were as follows: 

1. In regard to the condition at discharge, the maximum variation 
in the two groups was not over 4 per cent, which occurred in favor of 
the “‘rest-improved” group. 

2. In regard to X-ray changes noted at discharge, the maximum 
variation in the two groups was not over 7 per cent, which occurred in 
favor of the ‘“‘rest-X-ray decrease” group. 

3. In regard to the changes in rales noted at discharge, the maximum 
variation in the two groups was not over 6 per cent, which occurred in 
favor of the “‘no rest-no rales” group. 

4. In regard to the occurrence of tubercle bacilli, the maximum 
variation was 5 per cent, which occurred in favor of the ‘‘no rest-no 
bacilli” group, that is, 5 per cent more of the “no rest” than of the 
“rest” group never had tubercle bacilli demonstrated in the sputum. 


CONCLUSIONS 


While no striking evidence is produced to show the benefit of six 
weeks’ bed rest to cases entering the Trudeau Sanatorium, under the 
conditions existing relative to selection of cases and time of beginning 
treatment, the authors nevertheless feel that under more favorable 
conditions, especially when treatment can be begun immediately upon 
diagnosis, intensive bed rest will prove of benefit to the patient, although 
symptoms of definite activity are absent. Surely a much more impressive 
idea of the seriousness of the disease and of the necessity of proper care 
is inculcated and this should, in later days, months or years, show bene- 
ficial results in prevention of relapse. 
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SODIUM MORRHUATE IN THE TREATMENT OF 
PULMONARY TUBERCULOSIS! 


W. D. TEWKSBURY 
Washington, D. C. 


This experimental work was done in the Tuberculosis Hospital, 
Washington, D. C., and was suggested by reports made in the British 
medical literature on the use of sodium morrhuate in tuberculosis. ~ 
Rogers (1), Muir (2), Knowles (3), Davies (3), and others have reported a 
number of cases treated with apparently excellent results. Briefly, they 
claim the following results: rapid diminution of sputum in lung cases, 
rapid increase of weight and strength, diminution of fever and a dim- 
inution of tubercle bacilli with, in some cases, their entire disappear- 
ance or apparent disintegration. 

A 3 per cent watery solution of sodium morrhuate, containing 0.5 per 
cent carbolic acid, was used by us. Chemically, this is said to be almost 
identical with the sodium gynocardate used in leprosy. We began with 
7 minims of the solution subcutaneously and increased each injection 2 
minims, up to 30 minims. We then dropped back to 7 minims intrave- 
nously, and increased gradually to from 30 to 60 minims, depending on 
the patient’s reactions and the progress of the case. The injections were 
given every fourth day. 


CASE REPORTS 


Case 1: G. R., female, white, age twenty-five. Admitted April 12, 1921, 
with history of tuberculosis for eighteen months. Symptoms were cough, 
expectoration, occasional night sweats, loss of weight and strength and oc- 
casional hemoptysis. Examination showed advanced stage with moist in- 
filtration throughout half of left and top of right lung. Afternoon temperature 
100° to 101°. Patient remained about stationary until beginning of treat- 
ment. Injections were begun August 2, and continued until November 7, 
1921. Thirty-one treatments in all were given, the highest dosage being 30 
minims intravenously. Results: Sputum showed no change in number of 
bacilli during treatment; patient gained five pounds in weight and appeared 
somewhat improved both clinically and on physical examination. 


1 Read before the George Washington Medical Society, April 15, 1922. 
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Case 2: O. H., male, white, age thirty-seven. Admitted June 14, 1921, 
with history of symptoms for three months, severe cough with expectoration, 
night sweats, dyspnea and frequent hemoptyses. Physical examination 
showed far advanced case with unfavorable prognosis. Treatment begun 
August 2, and continued until December 21, 1921. Thirty-five injections in 
all were given, the highest dosage being 50 minims intravenously. Patient 
had several hemorrhages during course of treatment. Result: Loss of 2 
pounds and no improvement clinically or on physical examination. However, 
sputum examination September 20, 1921, showed numerous bacilli; on October 
20, marked beading and breaking up of bacilli; and on February 7, 1922, almost 
complete absence of bacilli. 


Case 3: S. S., male, white, age forty-five. Admitted July 15, 1921, with 
history of cough, night sweats, weakness, etc., for three months. Examina- 
tion showed a far advanced condition in both lungs, with poor prognosis. 
Treatment begun August 18, and discontinued September 7, 1921. Six in- 
jections only were given, the highest dosage being 15 minims subcutaneously, 
the patient voluntarily discontinuing treatment. Result: No improvement in 
patient’s condition and no change noted in sputum. 


Case 4: J. L., male, white, age seventeen. Admitted March 5, 1921, with 
history of tuberculosis since childhood of cervical lymph nodes, which had 
broken down several times. Recently cough, expectoration, fever and weak- 
ness. Physical examination showed advanced trouble in right lung and slight 
at left apex. Treatment begun August 2, and discontinued December 10, 
1921. Thirty-seven injections were given, the highest dosage being 36 minims 
intravenously. Result: Gained 9 pounds, improved clinically and on physical 
examination. Sputum examination showed first beading and then diminu- 
tion of bacilli. 


Case 5: E. C., male, negro, age twenty-three. Admitted July 10, 1921, 
with history of severe cough, copious expectoration, night sweats, loss of 40 
pounds and edema of ankles. Physical examination showed far advanced 
condition, with poor prognosis. Treatment begun August 10, and discontinued 
October 22, 1921. Eighteen treatments in all were given, the highest dosage 
being 30 minims subcutaneously. Resuli: Patient gradually failed and no 
difference was noted in several sputum examinations. Died. 


Case 6: A. C., female, negress, age twelve. Admitted March 8, 1921, with 
history of severe cough, expectoration, night sweats, etc. Physical examina- 
tion showed far advanced condition with poor prognosis. Treatment begun 
August 2 and ended October 10, 1921. Twenty treatments in all were given, 
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the highest dosage being 22 minims subcutaneously. Result: No improvement 
in patient’s condition, and no change in sputum findings. Died March 28, 


1922. 


Case 7: L. C., male, white, age thirty-seven. Admitted June 2, 1920, with 
history of cough and expectoration for six months, loss of weight and hemopty- 
sis. Physical examination showed far advanced condition, with poor prognosis. 
Treatment begun August 18, 1921, and discontinued February 18, 1922. Fifty- 
eight injections were given, the highest dosage being 50 minims intravenously. 
Result: Unimproved, but sputum showed breaking up of bacilli, with diminu- 
tion in number. Patient died of hemorrhage February 22, 1922. 


Case 8: B. K., female, white, age twenty-nine. Admitted August 20, 1921, 
with history of symptoms for five years, cough, expectoration, fever, night 
sweats,etc. Examination showed far advanced condition with poor prognosis. 
Treatment begun September 22, and stopped December 1, 1921. Nineteen 
injections were given, the highest dosage being 21 minims intravenously. 
Result: Unimproved, and no change noted in sputum examination. 


Case 9: H. A., male, negro. Admitted June 28, 1921, with history of severe 
cough, expectoration and marked dyspnea. Examination showed far ad- 


vanced condition with poor prognosis. ‘Treatment begun October 1, 1921, and 
ended February 8, 1922. .Forty-six injections were given, the highest dosage 
being 60 minims intravenously. Resuli: Unimproved, but there was breaking 
up of bacilli in sputum with diminution in number. 


Case 10: E. A., male, Filipino, age twenty-five. Admitted April 5, 1921, 
with history of cough, expectoration and several severe hemorrhages. Ex- 
amination showed second stage case, with fair prognosis. Treatment begun 
August 2, 1921, and is still being continued. Seventy-six injections have been 
given, the highest dosage being 60 minims intravenously. Result: Patient 
improved decidedly both clinically and on physical examination. In Sep- 
tember sputum was positive, with numerous bacilli; in October positive, 
with bacilli broken up and beaded; and in February and April negative. 


Case 11: M. C., female, white, age twenty-five, Admitted March 12, 1921, 
with history of cough, night sweats, dyspnea, etc. Examination showed far 
advanced condition with poor prognosis. Treatment begun August 2, and 
ended October 9, 1921. Twenty injections were given, the highest dosage 
being 20 minims subcutaneously. Result: Unimproved with no change in 
sputum. 
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Case 12: Male, negro, age twenty-five. Admitted June 18, 1921, with 
history of tuberculosis three years ago which had been arrested until two weeks 
previously, when patient had moderate hemoptysis. Now has morning cough, 
expectoration and slight fever. Examination showed second stage case, with 
; t fair prognosis. Treatment begun October 1, 1921, and ended March 20, 

x 1922. Fifty-one injections were given, the highest dosage being 45 minims 
t intravenously. Result: Patient gained 11 pounds and symptoms improved, 

but sputum examination which was at first negative became positive during 
treatment and remained so. 


Case 13: P. G., female, white, age thirty. Admitted May 12,1917. Symp- 
toms are severe cough, expectoration, fever, pleurisy, etc. Treatment begun 
August 2, 1921, and still continuing. Seventy-eight treatments have been 
given, the highest dosage being 50 minims intravenously. Result: Improve- 
ment both in symptoms and physical findings, and sputum shows diminution 
in number of bacilli. 


Case 14: H. J:, male, white, age forty-nine. Admitted June 8, 1921, with 
history of two years’ illness. Examination showed far advanced condition, 
: involving entire right lung. Prognosis poor. Treatment begun August 2, 
; ‘ 1921, and is still continuing. Seventy-five treatments were given, the highest 
a dose being 60 minims intravenously. Result: The patient showed marked 
diminution in bacilli, with beading, and some improvement in symptoms. 


Case 15: M. B., female, negress, age forty-three. Admitted September 29, 

1920, with history of symptoms for four months. Examination showed far 
j advanced bilateral case with cavity formation, with poor prognosis. Treat- 
: ment begun October 1, 1921, and is still continuing. Number of treatments 
49, the highest dosage being 45 minims intravenously. Result: Patient showed 
a marked diminution in bacilli, with beading, and there was some improvement 
in symptoms. 


be Case 16: G. H. R., male, white, age forty-six. Admitted March 24, 1921, 
is with history of symptoms for five years. Examination showed far advanced 
bilateral involvement, with entire left lung infiltrated. Prognosis poor. 
Treatment begun August 2, 1921, and continued to date. Seventy-five in- 
jections were given, the highest dosage being 60 minims intravenously. Resuli: 
Sputum at first showed numerous bacilli, then fewer and beaded, and on April 
14, 1922, it was negative. Improvement in physical signs and symptoms was 
noted. 
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Case 17: I. N., female, white, age nineteen. Admitted July 1, 1921, with 
history of symptoms for three. years. Examination showed moderately 
advanced condition, with involvement of upper lobe of right lung. Prognosis 
fair. Treatment begun August 18, 1921, and is still continuing. Number of 
treatments 67, the highest dosage being 30 minims subcutaneously. Result: 
Sputum has been negative on each examination. Symptoms and physical 
signs have improved. 


Case 18: B. T., male, negro, age forty-two. Admitted March 25, 1921. 
Treatment begun August 2, 1921, and is still continuing. Examination showed 
far advanced case, with poor prognosis. Patient given 45 injections, the 
highest dosage being 45 minims intravenously. Result: Sputum examinations 
showed breaking up of bacilli, with diminution in number. Improvement in 
symptoms and physical signs. 


CONCLUSIONS 


We did not feel justified, in treatment of this kind, in using patients who 
had a favorable prognosis or who were in an early stage of the disease. 
Of the 18 cases treated, 16 had an unfavorable and 2 a fair prognosis. 
All were in the moderately advanced or far advanced stage of the disease. 
The results obtained were 9 improved, 6 unimproved and 3 died. 

The most striking feature was the apparent breaking up of tubercle 
bacilli in the sputum and the tendency to their diminution in number or 
disappearance. This was noted in 10 patients, and in 2 of these the 
sputum became entirely negative. This was an interesting and remark- 
able phenomenon when we remember that these were all advanced, open 
cases, and as it occurred in more than half the series could hardly be 
attributed to anything other than the sodium morrhuate. 

It is difficult to say that the improvement noted in the 9 cases is due to 
the treatment, as we know how often patients of this type will display 
periods of temporary improvement without any treatment, but it is at 
least possible that the sodium morrhuate had some beneficial effect. 
I feel that while our results are not conclusive, they are sufficiently in- 
teresting to warrant further work and observation along the same line. 


I wish to express my thanks to Dr. Joseph Peabody and Dr. G. P. Bergman of the Tuber- 
culosis Hospital resident staff for helping me both in giving the treatments and preparing 
the case reports. 
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THE TREATMENT OF PULMONARY TUBERCULOSIS 
WITH SODIUM MORRHUATE! 


(A Preliminary Report) 
M. J. FINE 
From the Newark City Hospital, Newark, New Jersey 


I wish to present observations made on patients in private practice 
and at the City Hospital, who have been treated for pulmonary tuber- 
culosis with sodium morrhuate, a preparation first advocated by Rogers 
of Calcutta and enthusiastically recommended by others. 

Sodium morrhuate has been used in many cases of lymphatic, surgical 
and bone tuberculosis. It may be administered either subcutaneously 
or intravenously; by the former method at the beginning of the treatment 
and intravenously later. Before giving my own results in pulmonary 
cases, I may summarize the experience of Rogers and several others 
with this drug. 

The drug is not toxic, but the injection at times causes systemic reac- 
tion, like that from the injection of any foreign product, namely, fever, 
syncope, headache, etc. The beneficial results, especially in cases of 
fi moderately advanced disease, have been demonstrated in its action 
upon (1) weight, (2) temperature, (3) sputum. 

1. Cases under treatment seem to have improved in weight. Increase 
of appetite, strength and weight has been marked in some of the patients. 
The addition of a few pounds does not take place early, but after the 
ve patient is under the action of the drug for a few weeks it becomes 
B’ noticeable. Increases of half a pound a week have been reported. 
it 2. Marked elevations of temperature have been reduced after ad- 
ministration of the drug. Tambe reported that the temperature, in a 
series of cases, fell after injection and remained low for three days, 
after which it again rose. He therefore recommended injections every 
fourth day. Because of the fall of temperature, he found marked 
improvement in night sweats and sleep. 


1 From a paper read before the Section on Medicine and Pediatrics of the Academy of 
Medicine of Newark, New Jersey, October 10, 1922. 
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3. Diminution in number of bacilli has been marked. In some cases 
there has been an entire clearing up of sputum. With the reduction 
in the number of bacilli, there has been a simultaneous improvement of 
cough and expectoration. 

I have used crystals of sodium morrhuate obtained from Evans Sons, 
Lescher & Webb, Limited, of London, prepared it according to the 
directions of Rogers and administered it subcutaneously. 


CASE REPORTS 


Case 1: S. S., Russian, age thirty-four, storekeeper, male. Moderately 
advanced. Involvement at both apices, more on right; sputum positive. 
Injections begun with 7 m. twice a week for about three weeks, and increased 
to10m. Patient gained five pounds in three months; felt good, but condition 
in chest and sputum remained same. He never ran a fever. No reaction 
after injection. 


Case 2: E. M., Irish-American, age thirty-nine, ironworker, male. Moder- 
ately advanced. Involvement over entire right side; sputum positive. In- 
jections begun with 7 m. twice a week, and then increased to 10 m. At first, 
patient began to cough, more especially the day after injection. Felt well and 
worked every day; gained 8.5 pounds. One month after injection, sputum 
became negative and remained so. Patient discharged inactive three months 
later. 


Case 3: V. D. L., Italian-American, age forty-five, banker, male. Moder- 
ately advanced. Involvement both sides; sputum positive. Patient subject 
to hemorrhages. Kept up usual treatment and patient was responding very 
nicely for six months, but expectoration and cough were profuse. Injections 
then begun with 7 m. twice a week. No change in weight; condition in chest 
the same. Coughed much harder after the injection. 


Case 4: J. S., age thirty-one, single, school teacher, female. Moderately 
advanced. Involvement mainly on left side; sputum positive. Usual treat- * 
ment and artificial pneumothorax did not change condition. Injections begun 

with 7 m. twice a week. Cough became more severe; began to expectorate 

blood. After six injections, compelled to discontinue. Condition in chest 

thesame. No difference in weight. Patient did not run fever at any time. 


Case 5: J. N., age twenty-five, housewife, female. Moderately advanced. 
Involvement over right chest; sputum positive. Six injections of 7 m. twice 
a week. Cough usually very hard and irritating after each injection. No 
change in condition; no reaction of any kind; treatment discontinued. 
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Case 6: J. P., Italian, age twenty-two, laborer, male. Moderately ad- 
vanced; sputum positive. Injections of 7 m. twice a week for one month. 
No change in condition, weight, temperature or sputum. No improvement. 


Case 7: F. B., American, age twenty-nine, laborer, male. Moderately 
advanced. Involvement on both sides. High fever and quite sick. In- 
jections of 7 m. twice a week for one month. Cough became more irritating; 
otherwise, the condition the same. 


Case 8: R. G., American, age thirty-three, slate puncher, male. Moder- 
ately advanced. Involvement on both sides. _ Injections of 7 m. increased to 
10 m. twice a week. Condition slightly improved; sputum the same; no 
change in temperature. It seemed that patient coughed considerably more 
after each injection. No local reaction. 
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Case 9: C. P., American, age forty-one, hatter, male. Moderately advanced, 
both sides. Sputum positive; Wassermann, 3+. Injection of 0.5 cc. twice a 
week for two months. Condition in chest and sputum remained the same. 
: Temperature fell, probably due to rest in bed and salvarsan treatment. 


Case 10: F. S., American, age eleven, school girl, female. Moderately 
advanced. Cavity at right apex; sputum negative. Injections of 7 m. twice 
a week for one month. Patient felt the same but had headache and more 
irritating cough after each injection. No local reaction. 


Case 11: J. G., Rumanian, age forty-two, factory hand, male. Moderately 
advanced. Involvement of both sides; sputum positive. After injections 
twice a week, sputum became negative and remained negative. The patient 
made a wonderful recovery. Condition in chest better, temperature normal. 


Case 12: C. R., South American, age twenty-two, sailor, male. Moderately 
i. advanced. Lesion distributed over both chests; sputum positive. Injections 
| of 7 m. twice a week. After starting injections, patient’s temperature became 

[ a degree higher, and he complained of numbness and pain in his arm for about 
twenty-four hours after each injection. I gave him 9 injections. Coughs and 


expectorates less, but condition in chest and sputum the same. 
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Case 13: L. S., Italian, age twenty-three, shoemaker, male. Moderately 
advanced; sputum negative. Injections of 7 m. twice a week for one month. 
Patient also had Alpine light treatment. Condition of chest and temperature 
improved, 


Bi 
BA 
th 


SODIUM MORRHUATE IN PULMONARY TUBERCULOSIS 937 


Case 14: J. H., American, age twenty, chauffeur, male. Far advanced. 
Patient admitted to hospital in very poor condition. Had discharging rectal 
fistula and very high temperature; sputum positive. Injections of 7 m. twice 
a week for one and one-half months. Condition improved a great deal. 
Temperature when leaving the hospital for sanatorium was practically normal. 
Gained weight and felt good. Sputum became negative once; then again 
positive; and before he left hospital for sanatorium it was again negative. 


Case 15: A. S., American, age thirty-six, salesman, male. Incipient. 
Rales at apex; not great involvement. Patient also has tuberculous testicle, 
and one tuberculous testicle removed a year ago. Sputum negative. Has been 
receiving 7 m. twice a week for the past month. Condition is much better. 
The testicle has become smaller. After every injection he experiences severe 
pain in the arm for about twenty-four hours. 


SUMMARY 


Five cases showed some improvement. Of these, two made a complete 
recovery. 

Sputum cleared completely in 2 cases. 

Three cases showed local reaction. 

Seven cases coughed more after the injections; and in some instances 
treatment had to be discontinued on this account. One expectorated 
blood; and the question arises whether it is advisable to give treatment 
in cases with a history of hemorrhage. 

Four cases gained weight. 

Three cases showed improvement in chest signs. 

From the above analysis I should say that results obtained with the 
usual form of treatment are as effective as, and probably more so, than 
those with sodium morrhuate; but that the sodium morrhuate deserves 
further trial and may be placed in the category of aids in our usual 
treatment of tuberculosis. 
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THE ACTION OF CODLIVER OIL ON THE TUBERCLE 
BACILLUS 


AN EXPERIMENTAL STUDY 


i HUGH BAIRD CAMPBELL anp JEAN KIEFFER 


From the Laboratory of the State Tuberculosis Sanatorium, Norwich, Connecticut 


Probably no other drug has been so closely associated with 
the treatment of tuberculosis in the past one hundred years as has 
oleum morrhuae, or codliver oil. Introduced first into the Materia 


t Medica of England in 1771, by Percival, for the treatment of rheumatism, 
‘| rickets and sciatica, it was adopted by the French Codex just one hun- 
: dred years ago, in 1822. After the publication of Bennett’s treatise on 


Oleum jecoris aselli (1841), no practice of medicine was complete unless 
it held forth at length on the efficacy of this oil in the treatment of 
phthisis. 

The nutritional value of codliver oil has, until lately, been held to be 
the cause of its therapeutic action; but, after a review of research work 
done in the last few years, one wonders whether the property of the oil 
in being an easily assimilable food is the only, or even the main, value 

i ‘of it as a therapeutic agent. 

a The work done by Heiser (1), and followed by a number of workers 
; in the treatment of leprosy, with chaulmoogra oil, as well as the work 
of Leonard Rogers (2) and his associates with derivatives of this oil, 
has suggested the possibility of similar properties of codliver oil, and 
its derivatives in the treatment of tuberculosis. This has already been 
tried by Rogers (3) and Ganguili (4), who reported the successful ‘use 
of a sodium salt of the unsaturated fatty acids of codliver oil, sodium 
morrhuate, in the treatment of tuberculosis. In his paper Rogers 
quotes Knowles as saying, ‘‘It is the best line of treatment for tuber- 
culosis in general.’’ However, the results of Biesenthal (5), in 1920, 
1 with the same preparation were unsatisfactory and led the latter to 
ie disagree with this view, although he concludes his paper with the words, 
“Further work with sodium morrhuate should be undertaken to prove 
or disprove the views of Rogers.” 
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In another field, the work of Calmette (6), in attenuating tubercle 
bacilli in bile media, raises the question as to whether or not the liver 
extract of the cod has any germicidal, attenuating or inhibiting power 
on the tubercle bacillus. 

The direct bacteriological work of Walker and Sweeney (7) and Kol- 
mer, Davis and Jager (8) with chaulmoogric acid and chaulmoogra 
oil suggests similar experiments to be done with codliver oil. 

At the suggestion of Doctor Stephen J. Maher, we started early in 
1921 a series of experiments to study the action of codliver oil and de- 
rivatives and codliver extracts on the tubercle bacillus. 

It is quite evident that a bacteriological study of codliver oil, pursued 
only with the ordinary medicinal oil used in America, would at best be 
very incomplete and probably misleading as to results. Consequently, 
codliver oil obtained in the raw state with as little refinement as possible 
is necessary. As Dean and Wrenshall (9) point out, little headway 
was made in the study of chaulmoogra oil until a uniform reliable product 
was obtained. 

The commercial codliver oils now on the market differ widely in 
preparation, composition and also in adulteration; and, to be sure that 
we were using codliver oil, we obtained fresh codlivers from Gloucester, 
Massachusetts, and extracted our own oil from these. The livers were 
crushed, a small amount of water added and the whole put in canvas 
bags after application of mild heat (85°C.) to lower the viscosity of the 
oil, and allowed to drain. The clear oil was decanted and used as such. 
(For the sake of brevity, in referring to it, we called this oil cold oil.) 
One batch of codliver oil was also made by letting the livers simmer in 
water over night before draining, the draining fluid giving us a slightly 
brownish oil on top, which we called hot oil. The water in which the 
livers had been cooked in the last process was then filtered, adjusted 
to a reaction of + 0.5, and 6 per cent glycerine added. We used this 
glycerinated, aqueous extract of codlivers for making experimental 
media, as explained subsequently. Commercial, refined codliver oil 
was obtained from a local wholesale druggist. 

Some differences in the characteristics of these three codliver oils, 
cold, hot and refined, were noted. After manufacture, the cold oil was 
very clear, the hot oil had a very faint turbidity, while the refined oil 
as bought was clear. The cold and the refined oils were of the same 
pale shade of yellow, while the hot oil was very slightly more brownish. 
Their reactions, as shown by litmus paper dipped in alcohol, were: 
cold oil and hot oil, neutral; refined oil, very faintly acid. 
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After a few months at room temperature, the cold oil remained per- 
fectly clear, the hot oil cleared up, the slight turbidity being replaced 
by a very fine sediment adhering to the sides of the flask, and the re- 
fined oil developed a slight turbidity with formation of a fine tenacious 
pellicle. In the ice box the refined oil remained perfectly fluid, while 
the cold oil and the hot oil both solidified to a slight extent with appear- 
ance of a whitish flocculus. (The higher melting point of the oils 
manufactured by us would seem to indicate a relatively higher content 
of fatty acids of high melting point.) 

The aqueous extract of codlivers, after filtration, was of a brownish 
color and opalescent, that is, it appeared clear and brown by transmitted 
light, but by reflected light it seemed turbid and took on greenish and 
reddish hues. Filtration with talcum did not rid the extract of the 
opalescent sheen. 

Potato culture media were made from the four substances described, 
as well as from cottonseed oil and distilled water, the last two for control. 
These media were made by putting the cut potatoes in these respective 
fluids, autoclaving at 5 pounds for fifteen minutes and tubing in con- 
striction tubes containing the same respective liquids up ‘to the constric- 
tion. They were all finally autoclaved at 15 pounds for thirty 
minutes. 

Glycerine bouillon, glycerine broth potatoes and glycerine agar 
slants were also used, as well as slants of glycerine agar containing 
potato broth, which we called bogap (bouillon, glycerine, agar, potato). 
This last medium is a modification of Petroff’s potato infusion (10) 
and is under experimentation by us at present. 

The different strains of tubercle bacilli used in the experiment were: 


Human standard H37 Saranac 


Bovine standard Saranac bovine 
(Norwich 5 


Untested strains Norwich 12 
Norwich 13 


These last three strains were isolated from the sputa of patients at 
the Norwich Sanatorium. They are seemingly human strains although 
they have not been tested through rabbits. 

These five strains were planted on bogap, glycerine potato and cold 
oil potato, and H37, Saranac bovine and Norwich 5 on distilled water 
potato also. 
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The upper part of chart 1 shows the relative curves of growth of each 
of these tubes for eight weeks. 

The chart at the bottom shows the average curve of growth of the five 
strains combined, on the different media (distilled water potato only 3 
strains). 

It can be clearly seen that the bogap gave by far the best growth, the 
glycerine potato coming next. On the distilled water potato the strains 
grew fairly well. On these media, growth was progressing up to the sixth 
week, when the curves flatten, indicating a slowing down of the growth. 


37 SARARAC WORWICH #5 BORWICH #13 WORWICH #13 


A 


- Bogap; 8- Glycerine Potato; C- Cold Cod-liver o11 Potato; De Diet. Water Potato 


Above; Bogap, .| 
RELATIVE GROWTH — 


of 
DIFFERENT STRAINS 


on 
DIFFERENT MEDIA. 
(8 weeks duration) Glyo. _Posaso_ _| 


CHART 1 


On the cold oil potato, growth was very small and was arrested after 
the third week as the very flat line indicates. As no absolute standards 
could be used to record the growth of the bacteria in a graphic way, 
these charts merely show the growth of the cultures as they appeared 
to the eye in relation to the normal amount of growth shown by the 
particular bacterium on ordinary media. Moreover, it was very diffi- 
cult to observe and record the growth of the microdérganisms on the 
oil media. On the codliver oil potatoes, growth was so small that 
recorded growth might only have been a swelling of the transplanted 
material due to absorption of oil, especially since this material lost 
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its normal dry appearance and began to look moist and oily after 
transplantation. 

Chart 2 shows the behavior of H37 on the different media (six weeks). 
The glycerine potato shows an evenly progressing curve of very good 
growth, flattening toward the sixth week. The cottonseed potato 
showed a fair growth up to the third week, then a total arrest. The hot 
oil potato does not give as good a growth as the cottonseed potato, but 
it also shows an arrest of growth after three weeks. The refined oil 
potato and cold oil potato gave very little growth, the refined oil potato 
slightly higher; growth was arrested after the second week. 


Weeks 1 3 


DIAGRAM 
SHOWING 
GROWTH OF 

\Sodeliver Ext. Poi. 


{0.8.7.0. 
--0.0.T.0. 


Oil Pot 


lot O11 Pot. 
fined O11 Pot. 
old O11 .Pot. 


C.8-P.C. and C.0.P.0. are tudes containing glyoerine-potato and 
and oold-ood-liver respectively at the dctton. 

( The potatoes have never been touched by the oil.) 

C.8.7.G. and C.0.T.0. are tubes similar to the two above except 
that the o11 has been flowed over the potato by turning the tubes 
over after the H.37 had been allowed to grow for e reek. 


CHART 2 


On potato saturated with glycerinated watery extract of codlivers, 
growth was very good (about two-thirds of glycerine potato), showing 
an even curve of growth flattening around the sixth week. 

To get a better measure of the difference in inhibitory action between 
cottonseed oil and cold codliver oil, H37 was transplanted on four pieces 
of potatoes saturated with glycerine broth and inclosed in constriction 
tubes, two of them containing cottonseed oil and two others cold cod- 
liver oil up to the constriction. After one week’s growth, one of each 
was turned over so as to get the oil to flow over the growth. 

As the diagram shows, the growth on the potato in the tube contain- 
ing cottonseed oil, but not turned over (C. S. P. C.), have a growth 
parallel and almost as abundant as the ordinary glycerine potato media, 
but a sharp break can be seen in the curve of the tube turned over after 
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one week (C. S. T. O.), although it continued to grow to a moderate 
extent. 

The growth on the glycerine potato with cold codliver oil, not turned 
over (C. O. P. C.), was fair but far below the growth on plain glycerine 
potato, showing marked flattening of the curve after four weeks. 

The tube turned over after one week (C. O. T. 0.) shows a very sharp 
break in the curve immediately after the cold oil has come in contact 
with the growth and very little change thereafter. 

Well worthy of note is also the fact that, after three months in the 
incubator, the growths on the glycerine potato flooded with cotton 
seed. oil had progressed so that they covered most of the potato, while 
the growth on the glycerine potato similarly treated with cold codliver 
oil was finally arrested after contact with the oil. 

These cultures on glycerine agar, glycerine potato, codliver ex- 
tract and cottonseed oil potato, when transplanted to glycerine agar 
and glycerine potato gave good growth, whereas similar transplants 
made from the cultures on the codliver oil preparations did not show any 
growths. 

H37 and Saranac bovine were also planted on glycerine bouillon and 
glycerinated watery extract of codlivers. H37 grew equally well for 
three weeks on the bouillon and codliver extract, when the growth on 
the latter extract sank to the bottom and ceased to grow. On bouillon, 
the growth continued slowly but was not abundant after seven weeks. 
The Saranac bovine grew abundantly and equally well on both media 
for three weeks, when parts of the film on codliver extract fell to the 
bottom and then the growth remained stationary. On bouillon the 
growth progressed rapidly and abundantly until there was a very heavy 
wrinkled film and growth for one-half inch up on the side of the flask. 

These flasks of codliver extract inoculated with tubercle bacilli were 
not disturbed, and yet the growth progressed to a certain stage (3 weeks), 
when it fell under the surface of its own weight and ceased to grow. This 
could have been brought about either by a lower surface tension of the 
medium or by a different composition of the waxy capsule of the bacilli; 
we are inclined to think, from the morphological findings which we will 
describe subsequently, that the latter view is more plausible. 

In addition to the differences in the visible growth of the tubercle 
bacilli a vitro, microscopic examination of the bacilli after they had 
been on these different media for five weeks gave very interesting pic- 
tures. Preparations were stained by Gabbett’s method and by the 
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granule method, previously described by one of us (Kieffer (11)), which 
stains the body of the bacillus a deep pink and the granules purplish 
black. 

On bogap, H37 shows as long, slightly irregular bacilli, and with the 
granule stain the granules appear embedded in a well-staining proto- 
plasm, none of them being free. The glycerine potato shows the same 
characteristics, except that the bacilli are slightly smaller. But after 
growing for five weeks on the cold codliver oil potato the bacilli present 
a very marked change. They are smaller; with the Gabbett stain they 
appear beaded; some of them have a dumb-bell shape (polar body appear- 
ance) and many single coccal-shaped acid-fast forms are seen. With 
the granule stain, the red-staining protoplasm is not very evident; the 
granules (giving the bead-shaped appearance to the bacilli) retain the 
violet color and appear as short chains of three or four; the bacilli having 
a dumb-bell shape are seen to be composed of two granules united by a 
very thin, short strand of red-staining protoplasm. Many isolated 
purple granules are seen, some with a very faint halo of pink, and oc- 
casionally a pink-staining coccal-shaped form is seen. 

On hot oil potato, the changes are essentially the same, although the 
protoplasm is slightly more evident. The latter is even more apparent 
on the refined oil potato. 3 

On cottonseed oil potato, the bacilli appear only slightly more granu- 
lar with Gabbett stain than on glycerine potato, but with the granule 
stain little change can be detected from the picture given by the bacilli 
growing on glycerine potato. 

On codliver extract potato the change is in an opposite direction. 
The bacilli appear shorter but with Gabbett stain more homogeneous, 
only few of them granular; and the granule stain shows that most of 
the bacilli are without granules, only a thin, short band of red-staining 
protoplasm showing. The bacilli still showing granules contain rela- 
tively few of them. 

The control tubes for cold oil and cottonseed oil, in which the oil 
has been flooded over a growing culture of H37 on glycerine potato, 
show the same changes as noted above for the particular liquid except 
that in the growth flooded with cold oil the protoplasm is slightly 
more apparent than on the tube not turned over. Similar changes 
induced by cold oil were also shown with Norwich 5, Norwich 12, 
Norwich 13 and Saranac bovine. The latter bacilli were very small on 
glycerine potato and almost coccal on cold oil potato, but yet were 
mostly composed of two granules in close juxtaposition. 
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These morphological changes were striking. Both Rogers (3) and 
Tambe (12) record morphological changes of the tubercle bacillus in 
the sputum following treatment with sodium morrhuate, Tambe noting 
that ‘the bacilli themselves undergo degeneration; from the slight curved 
and unbroken appearance they become beaded and broken.” 

Guinea pig inoculations with the different growth of H37 as well 
as of Saranac bovine and of Norwich 5, 12 and 13, gave the following 
results: 

All growth on ordinary cottonseed oil, and codliver extract media 
produced tuberculosis. 

All growths on codliver oil media failed to produce tuberculosis. 

The growths on glycerine potato, subsequently flooded with cotton- 
seed oil and cold oil, respectively, produced tuberculosis. In this last 
instance one would not have expected the bacilli to produce tuberculosis, 
in keeping with results on other tubes of codliver oil potato, but the 
growth of tubercle bacilli was probably too thick to be permeated by the 
oil, a case similar to the experience of Kolmer, e¢ al. (8), in testing the 
actions of chaulmoogra oil on growing cultures of tubercle bacilli, 
when they found that the bacilli submerged with chaulmoogra oil for 
twenty-four hours remained viable, whereas Walker and Sweeney 
(7) report bactericidal action for chaulmoogra salts in dilutions as high 
as 1 to 100,000. 

These results, although not conclusive, tend to show that growths of 
tubercle bacilli on potato soaked in codliver oil are very much inhibited; 
and, from the controls on cottonseed oil, we can deduce that at least 
part of the inhibitory action is caused by some constituent of the cod- 
liver oil and not altogether by a mechanical action of a film of oil be- 
tween the bacterium and the medium, which by hindering or changing 
the manner in which pabulum is derived from the medium could cause 
changes of metabolism sufficient to account for the gross and micro- 
scopic changes. 

We then started another experiment to see whether the action of the 
codliver oil was specific on the tubercle bacillus or whether it would 
affect similarly other acid-fast and non-acid-fast bacteria. 

We used B. typhosus as the non-acid-fast microérganism. At the 
same time, and run in parallel series, two acid-fast bacteria were used, 
namely, a yellow lepra bacillus (obtained from the Phipps Institute), 
a chromogenic acid-fast and rapidly growing bacillus, and a strain of 
tubercle bacillus of low virulence (obtained from Doctor Sesamo of the 
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Trudeau Sanatorium Laboratory). This latter strain was isolated at 
autopsy from a case of pulmonary tuberculosis from the Public Clinics 
of Cleveland. It was at first virulent for guinea pigs, but it lost its 
virulence, and gained the capacity to grow rapidly with a slight chromo- 
genesis and at room temperature. 
These three bacteria were grown on the following media similar to 

the one used in the previous experiment: 

Glycerine broth potato 

Glycerine agar 

Potato soaked in cold codliver oil made by us 

Potato soaked in refined codliver oil obtained locally 

Potato soaked in cottonseed oil 

Potato soaked in codliver aqueous extract glycerine 


Codliver aqueous extract glycerine 
Codliver aqueous extract glycerine agar 


At the end of six weeks (the same length of observation as in the previous 
experiment) the results of growth were noted and smears were examined 
microscopically for morphological and staining-reaction changes. The 
curves of growth of all these strains on these different media followed 
very closely those of the tubercle bacilli shown in the charts, except 
that the growths of B. typhosus progressed for about ten days to a 
maximum on all the particular media and then practically stopped. 
The end results of the growths were as follows: 

Very good growth of all strains on glycerine potato and glycerine agar. 

Medium growth of all strains on cottonseed oil potato. 

No growth, or only slight growth, of all strains on the cold codliver 
oil potato (made here) and refined oil potato. 

The growths of all strains on the codliver extract preparations were 
at about the same relative level and approximated the growths of the 
strains on cottonseed oil potato. 

The morphological changes of these strains after six weeks on the 
different media mentioned, as shown by Gabbett’s and the granule 
(Kieffer’s) methods, are not so definite as the changes exhibited by the 
tubercle bacillus under similar conditions, and they are more difficult 
to correlate. 

It was seen that for the yellow Jepra bacillus as a whole the protoplasm 
retained a faint purple color when treated by the granule method and 
that only on the codliver oil made here do they show true granules in 
a pink-staining protoplasm; these latter bacilli also appear very granular 
by the Gabbett’s method. 
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It was also noticed that a number of these microédrganisms on some 
of the media were completely decolorized by both methods (they lost 
their acid-fastness and took the counter-stain). 

The changes in-the strain of the avirulent human tubercle bacilli 
were also varied. However, the most important change seen was the 
marked granulation shown by the bacilli grown on the codliver oil made 
here, both with Gabbett’s and the granule methods. Complete decolori- 
zation of some of the bacteria was also noted with this strain. 

The cottonseed oil did not change the granulations of the yellow 
lepra or the Cleveland-Sesamo strains to any marked degree. 

The changes produced by the refined oil on the above two strains 
were similar to those brought about by the codliver oil made by us, but 
not quite so pronounced. 

The B. typhosus exhibited slight changes of morphology, the bacilli 
grown on the two codliver oil preparations showing very much more 
irregularity in size and staining than any of the others, the growth on 
glycerine agar giving the most regular type. All the B. typhosus bacilli 
were completely decolorized by the Gabbett’s, granule, and Gram’s 
method. 

Before summing up, one more remark about codliver oil is worthy 
of notice. Powers and Park, e¢ al. (13) conclude their article on The 
Prevention of Rickets by Sunlight, with the sentence, ‘“‘The effect of 
sunlight and of codliver oil on the growth and calcification of the 
skeleton and on the animal as a whole seem to be similar, if not identi- 
cal.” This raises the question of the radio-activity of the codliver oil 
as an active agent in its therapeutic action. 

We tested our different codliver oils (cold, hot and refined) for radio- 
activity, by placing flasks filled with these different liquids over some 
light-protected, X-ray films, keeping them undisturbed for one week; 
at the end of that time the films were developed but no darkening of 
the emulsion attributable to the action of the oils could be seen. 

Thinking that the glass of the flasks might absorb the rays, a duplicate 
test was made by using, instead of glass flasks, containers made from 
the celluloid base of X-ray films, cleaned free from emulsion. The 
results were again negative. 


SUMMARY AND OUTLINE OF FURTHER WORK * 


The work presented herein has been done in a laboratory with rather 
limited chemical resources and equipment, and we have not been able 
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to do fractionation and chemical study of the codliver oil fatty acids 
and their esters, to parallel the work done with chaulmoogra oil, and nec- 
essary to isolate the constituent of the oil most active on the tubercle 
bacillus. Our findings may not be accepted as conclusive evidence of 
the bactericidal power of true codliver oil, but at least they may contain 
important suggestions to medical investigators, because: 

1. In the manner in which they were used the codliver oils have had 
a definite inhibitory and bactericidal action on virulent tubercle bacilli; 
cottonseed oil, used for control, has not inhibited the growth of the 
bacilli to the same marked degree, and has shown no bactericidal action; 
tubercle bacilli cultivated on the cottonseed oil media for six weeks 
were able to grow and produce tuberculosis, whereas tubercle bacilli 
cultivated on codliver oil media for the same length of time were not 
able to grow when transplanted or to produce tuberculosis. 

,2. Under the same circumstances, codliver oil has also inhibited 
the growth of a lepra bacillus, an avirulent tubercle bacillus and the 
B. typhosus. 

3. The aqueous extract of codlivers has shown no true inhibitory or 
bactericidal action on the tubercle bacillus. Whether it has any attenu- 
ating property in the long run, comparable to bile, remains to be seen. 

4. The most interesting and definite finding has been the increased 
granular appearance and granulation of tubercle bacilli and allied 
bacteria after contact with codliver oi], especially in view of the fact 
‘that similar changes have been observed in the bacilli from sputum of 
patients treated with sodium morrhuate. Codliver extract had the 
opposite effect on the tubercle bacilli. 

5. Codliver oil, extracted with as little heat as possible and not refined 
in any way, seemed to have had a more potent action than commercial 
refined oil or oil extracted by heat. This would suggest that it is im- 
portant that the source and manner of extraction of codliver oil and 
derivatives used in further research work be known. 

6. If there is any radio-active property of codliver oil it is not sufficient 
to affect X-ray films exposed to it for one week. Investigations carried 
out with sensitive apparatus, the ionization chamber, for example, might 
show the codliver oil to have sufficient radio-activity for therapeutic 
and bactericidal action. 

Further work on tbis study is in progress. We have prepared po- 
tassium salts (soaps) from our codliver oil, refined codliver oil, cotton- 
seed oil and chaulmoogra oil. Attempts to incorporate them in culture 
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media have not been entirely successful so far, except with the chaul- 
moogra soap, which we have incorporated in nutrient glycerine broth 
and agar in amounts as great as 5 per cent. We intend to study the 
action of these soaps on the tubercle bacillus and other bacteria by 
different techniques to try to gain an accurate idea of their bactericidal, 
attenuating or inhibiting values, as well as to study the morphological 
and staining reaction changes brought about on the bacteria. We 
trust that further work along this line will at the same time give us 
some valuable data on the pleomorphism and life cycle of the tubercle 
bacillus. 
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DORSET’S EGG MEDIUM FOR THE CULTIVATION OF 
TUBERCLE BACILLI, AND ITS MODIFICATIONS 


CASPER G. BURN 
From the Eagleville Hospital, and the Henry Phipps Institute of the University of Pennyslvania, 
Philadelphia : 

The experience of years has shown that the only culture medium 
with which it is possible to obtain primary cultures of the tubercle 
bacillus consistently is the egg medium as proposed by Dorset or 
some one of its modifications. This method was to mix thoroughly 
the whites and yellows of fresh eggs, add to this a suitable portion of a 
diluent, tube, and coagulate at a low temperature in an inspissator. 
In practice, the cultures obtained are far from uniform, and subsequent 
observers have sought to improve the cultural qualities of the medium 
by the addition of various substances, such as glycerine, amino-acids, 
extracts of animal tissues, etc. 

Perhaps the chief difficulty with the original proposal, however, lies 
in the fact that the temperature of coagulation is unreliable from the 
point of view of sterilization, Unless the eggs are perfectly fresh and 
handled with every precaution, the preparations break down sooner 
or later, and these conditions are troublesome or actually difficult to 
secure, depending on the surrounding circumstances. Hence, it has 
become customary to carry out the coagulation as originally recom- 
mended, but then to finish the medium by sterilization at a higher 
temperature. With care this can be accomplished either in the Arnold 
sterilizer at 98° to 100°C. or in the autoclave at pressures up to fifteen 
pounds. The latter procedure gives sterile preparations very uniformly, 
even though little care has been used in the selection and manipulation 
of the eggs. | 

Since there is reason to believe that the use of higher temperatures 
may really injure the cultural qualities of the medium, and since the 
various additions have not always been subjected to careful comparative 
tests, we have found it advisable to make a somewhat exhaustive study 
of these methods. It seems not unlikely that the results may be useful 
to others who have occasion to cultivate the tubercle bacillus or other 
acid-fast bacilli We will consider the temperature question first and 


secondly the results of adding various substances to the egg. 
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DORSET’S EGG MEDIUM AND MODIFICATIONS 


GENERAL METHODS 


The eggs were obtained as fresh as possible and were placed in a dis- 
infectant (creolin) for five minutes, in order to sterilize the shells. Then, 
before breaking open the egg, it was dipped into boiling water to remove 
any disinfectant which might adhere to the shell. The egg was broken 
and the contents emptied into a sterile two-litre flask, containing many 
sterile glass beads. After adding the desired amount of the diluent, 
the whole was shaken until the egg and diluent were thoroughly mixed. 
Then the mixture was tubed and sterilized according to the method 
chosen. The control tubes used in all the experiments consisted of the 
original Dorset’s egg medium (coagulated and sterilized in the inspis- 
sator at 76°C. for a period of two hours on each of three successive days). 

The source of the tubercle bacillus was fresh sputum. This was 
digested with 3 per cent NaOH, for one-half to two hours in the 37°C. 
water bath. After complete digestion, the NaOH was neutralized with 
6 per cent HCl, the whole was centrifugated, and the sediment inocu- 
lated upon the surface of the egg medium. Three tubes of the modified 
medium under consideration in the experiment and three control tubes 
by the original method were inoculated with each sputum. Frequent 
observations were made, extending over a period of two months, before 
the tubes were discarded and the experiment closed. 

The method of sterilizing the egg medium by autoclave is as follows: 
The sterilizer door is closed and permitted to stand for ten to fifteen 
minutes, until it is thoroughly heated by steaming. Then the steam 
is shut off and the outlet valve closed. The door is opened and the 
slanted egg tubes are placed in the sterilizer as quickly and carefully as 
possible, so that the cotton plugs are not touched by the egg. The door 
is closed and the steam turned on, and the pressure brought slowly up 
to 15 pounds for thirty minutes. By this method there is not so high a 
temperature as in regular sterilization by the autoclave, because the 
air which enters when placing the egg tubes in the heated sterilizer is 
not removed, but the temperature is sufficient to permit of sterilization 
if the previous preparation of the medium is carried out with due 
precaution. 

The results of the work are shown in table 1. In the first experiment, 
medium made with the autoclave is compared with that by the original 
method. In each instance the growth obtained on the tubes made by 
the original method was the better. The visible difference between the 
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two preparations was that the medium which had been treated in the 
autoclave was relatively hard and dry. It was thought possible to 
equalize this to a considerable extent by adding more water to the medium 
before coagulation. This proved to be the case, but the cultural quali- 
ties were not increased thereby. ‘This result also is recorded in table 1. 

In table 2 the comparison is made between the results obtained when 
the medium was treated in the Arnold sterilizer and in the autoclave. 


TABLE 1 
The resulis of growth of tubercle bacilli on inspissated as compared with autoclaved egg medium 


TUBERCLE 
NUMBER OF BACILLI IN H:0 METHOD OF DEGREE OF 


REMARKS 
CULTURE SPUTUM STERILIZATION GROWTH 


Inspissator Good Best growth 
Inspissator Good Best growth 
Autoclave Fair 
Inspissator Good 
Autoclave Fair 
Autoclave Fair 


Autoclave Fair 
Autoclave Fair 
Autoclave Fair 


25 Inspissator Good 
sedi 30 Autoclave Fair 
4 25 Inspissator Good 
50 Autoclave Fair 
25 Inspissator Good 
25 Inspissator Good 
50 Autoclave Fair 


ve | Inspissator Good Best growth 


Varying quantities of water were again introduced. In some instances 
bouillon was substituted for the water. This is shown in the table also. 
In general there was little difference between the two series and growth 
was inferior in each instance to the controls made entirely in the 
inspissator. 

Results similar to those recorded in tables 1 and 2 were obtained 
repeatedly, and there seems to be no question that in the preparation 
of egg medium the temperature should be kept as low as possible. 


j 

34 

| 33 

32 

37 

1 
53 
51 
2 
| 37 


TABLE 2 
Comparing egg medium Sterilized in the autoclave with that treated in the Arnold sterilizer 


REACTION 
OF 

BOUILLON METHOD OF 

srermzariow 


REMARKS 


Phe- 
pH nol 


Autoclave ) 
Autoclave i No difference 
Arnold i 


Autoclave i 
Arnold No difference 


Autoclave 
Arnold 


Arnold 
Arnold 
Autoclave 


No difference 


Autoclave 
Autoclave 
Arnold 
Arnold 
Arnold 


Arnold 
Arnold 


Arnold 
Arnold 


| 
| 
| 
Autoclave 
| 


No difference 


No difference 


Better growth, more 
moisture 


Avesta No difference 
+] Arnold 
Arnold 
Autoclave 


No difference 
Better growth than 
last 2 tubes 


Arnold 


No difference 
Autoclave 


Autoclave 


Arnold No difference 


Best growth, more 
moisture. No dif- 
ference 


+] Arnold 
+] Autoclave 
Autoclave 


Arnold 
Arnold 


Autoclave 
Arnold i 


Arnold 
Autoclave No difference 
Arnold 


More moisture 
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NUMBER DEGREE : 
OF 
cuL- GROWTH 
TURE 
30 
10 | 50 
25 
25 
11 
50 | 6.4/1.5 Poor 
25 
122 | 41 30 
30 
25 
30 
14 | ++++5] 25 
30 
35 
30 
+441] 
30 |'6.4/1.5 
+++{ 50 | 7.8] 0 
| 30 | 6.4/1.5 
19 | +4+++ 50 | 6.4/1.5 
{ 50 | 6.4]1.5 
40 | 7.8] 0 
50 | 7.8] 0 
40 | 7.8] 0 
+++{ 50 | 6.4|1.5+ 
50 | 6.4/1.5 
20 ++ 50 | 6.4/1.5 
30 | 6.4/1.5 
21 | +++ 30 | 7.8] 0 Fair 
23 | +++ 40 | 6.4/1.5+ Fair | 
30 | 6.4]1.5+ bd 
37 +++{ 30 | 
30 
13 | +++ 4] 25 
| 40 
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We have also repeatedly tried to elicit a difference between water, 
normal salt solution and plain bouillon as diluting fluid but have never 
been able to draw any distinction. 

The experiments which concern the addition of various substances 
to the medium follow. No results with glycerine, which has been one 
of the common additions, are presented. It has been the regular ex- 
perience of this laboratory that glycerine added to the egg medium 
is inhibitory when the bovine type of bacillus is to be cultivated, and that 
the growth of the human type is not increased by it. This refers only 
to the first and other early generations of cultures. 

Experiment 3: To determine the results of growth of the tubercle 
bacillus on egg medium which contained yeast extract in place of water: 
The preparation of the yeast extract was according to Thjotta and Avery 
(J. Exper. Med., xxxiv, no. 1). Fifty grams of yeast were emulsified in 
200 cc. of distilled water and the suspension was adjusted to pH 4.6, 
boiled over a flame for ten minutes and then the clear supernatant fluid 
was collected and tested for sterility. Before adding to the egg media, 
it was adjusted to various reactions (pH 6.0 to pH 8.0). The results 
of the several different cultivations show that there is no difference in 
the growth of the tubercle bacillus as compared with the controls. 

When primary cultures of-the tubercle bacillus are made from the 
guinea pig it is common experience that the cultures from the caseous 
lymph nodes and from the spleen grow most consistently. With this 
in mind the following experiment was carried out: 

The spleens of normal guinea pigs were removed aseptically, ground 
in test tubes, and rubbed on the surface of the egg medium before 
inoculation. The result as shown in table 3 failed to develop any ad- 
vantage for this addition. 

In table 4 are presented results confirming the observations of Lyall, 
who showed that the addition of liver infusion improved the cultural 
qualities of the egg medium (Lyall, Am. Rev. Tuberc., 1921, v, 899). 

Table 5 shows that the addition of beef bile does not promote growth. 

The results in table 6 show that the fish infusion had a marked in- 
hibitory action upon the growth of the tubercle bacillus, which was over- 
come by the microérganism and the final result was nearly equal to the 
control. 

The infusion was prepared as follows: Fish (halibut) that was bought 
fresh at the market was finely chopped and water added. It was steamed 
for three hours in the autoclave and then strained through cheesecloth 
and placed in flasks. It was steamed on successive days for sterilization. 
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TABLE 3 


To determine the influence of ground guinea pig spleen 


DEGREE OF GROWTH 


Guinea 
pig spleen Control 


Fair 
Good 
Fair 


Better growth in controls 


Better growth in controls 
Controls slightly better 


TABLE 4 
To determine the influence of liver infusion 


LIVER INFUSION CONTROLS 


Number of Number of Denese 
days before vis- Degree of growth ag before vis- — 
ible growth ible growth 


8 Excellent 15 
10 Excellent 16 
15 Good 20 
12 Excellent 15 
10 Good 18 
18 Excellent 20 
12 Excellent 20 
Excellent 
Good 
Excellent 
Good 


TABLE 5 


To determine the influence of bile on the growth 


DEGREE OF GROWTH 


Bile Control 


Good Good 
Fair Fair 

Good Good 
Fair Good Control slightly better growth 
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TUBERCLE 
36 +++ Fair 
57 +4+++ Good 
97 Good 
; 98 +++ Fair Fair 
99 ++++ | Fair Good Fe 
100 ++++ | Good Good 
103 ++++ | Fair Good 
105 +4+ Good Good 
146 Good 
148 re Good 
161 pid Good 
158 Good 
157 Fair 
159 +++ Good 
155 ++ Good 
153 + Fair 
156 Good 
154 ide Fair 
NUMBER TUBERCLE 
CULTURE SPUTUM 
+444 
123 
126 +4+44+ 
127 | ++++ | 
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The results of a few observations presented in table 7 show that potato 
infusion has no favoring influence on the growth of the tubercle bacillus 
when it is added to egg medium. 

The interest, which has of late been manifested in the pigments of 
animal and vegetable origin, led us to try the properties of a medium 
prepared from brown-shelled eggs, as contrasted with that made from 
those with white shells. The medium from the former is very deep 


TABLE 6 


The influence of fish infusion 


DEGREE OF GROWTH 


TUBERCLE 
BACILLI IN Fish media Control 
SPUTUM 


NUMBER OF 
CULTURE 


30 days | 2 months | 2 months 


77 +++-+ | Very poor Fair Good 
78 + Very poor Good Good 


TABLE 7 


To determine the influence of potato infusion 


TUBER BACILII DEGREE OF GROWTH 
NUMBER OF CULTURE IN SPUTUM 


Potato Control 


141 ++ ~ Good Good 
136 +++ Good Fair 
134 ++++ Good Good 


TABLE 8 


DEGREE OF GROWTH 
TUBERCLE BACILLI 


NUMBER OF CULTURE IN SPUTUM 


Yellow White 


60 Good Good 
61 Good Good 
62 Good Good 
58 Good Good 


yellow while that from the latter is almost white. The test, as shown 
in table 8, failed to reveal any difference. 

It has at various times been suggested that the amino-acids as a 
group were especially good nutrients for the tubercle bacillus. Our 
results above presented on the effect of adding plain bouillon, which has 
as a basic constituent a considerable amount of commercial peptone 
(doubtless containing a variable proportion of free amino-acids), would 
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indicate that this was a general view of limited significance. There 
are on the market other preparations, probably rather completely 
hydrolized proteins, which contain a much higher percentage of free 
amino-acids. Four of these, marketed by the Arlington Chemical Com- 
pany as “Aminoids” from beef, and from casein, have been available 
to us and have been included in this study. They are designated by 


TABLE 9 


To determine the influence of beef aminoids 


NUMBER OF 
CULTURE Lot 831 CONTROLS 


130 Negative i Fair 

113 ( Fair 

114 Negative Fair 

115 Negative Fair 

116 Negative i Good 
117 Negative Good 
118 Negative Negative Good 
119 Negative Poor Good 
120 Negative Fair Good 
121 Poor Good 
124 Negative Fair Fair 

125 Poor (few minute | Good Good 
colonies) 
126 Negative Good Good 
127 Poor (few minute Good 
colonies) 
132 Negative Fair 

141 pH 8.0to6.4fair | Good 
134 pH 7.0 good Good 
136 pH 7.8 fair Good 
139 pH 7.8 negative Good 
142 pH 5.2 to 7.0 Good 
143 pH 7.0 to 7.8 nega- Fair 

tive 


Controls slightly inferior 
to 825 in growth 


our own numbers, and accompanied by certain analytical figures fur- 
nished by the manufacturer, which we have not verified, as follows: 
No. 831: Aminoids from beef; amino-acid nitrogen is 60 per cent of 
total nitrogen. 
No. 825: Aminoids from beef; biuret-free; total N 11.98 per cent, 
amino N 8.9 per cent. 
No. 820: Aminoids from casein; amino N is 50 per cent of total N. 
No. 828: Aminoids from casein; biuret-free; not further analyzed. 
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The results are presented in tables 9 and 10. It appears that the 
products numbered 820 and 831, which are considered to be but partially 
hydrolized, are actually inhibitory to the growth of the tubercle bacillus 
under the conditions of our experiments. Of the biuret-free preparations, 
numbers 825 and 828, that derived from casein, consistently improved 
the growth, while the preparation from beef seemed indifferent. 


TABLE 10 


To determine the influence of casein aminoids 


LOT NO. 820 LOT NO. 828 
Negative Good 
113 Excellent Good 
131 Good Fair 
114 Fair Fair 
115 Excellent Fair 
116 Negative Excellent Good 
117 Fair Good Good 
118 Very good Good 
119 Fair Excellent Good 
120 Good Excellent Good 
121 Good Excellent Good 
124 Negative Good Fair 
125 Fair Excellent Good 
126 Excellent Good 
127 Excellent Good 
132 Poor Fair 
134 pH 7.8 excellent Good 
135 pH 7.8 excellent Good 
136 pH 7.0 good Good 
142 ; pH 5.2 excellent Good 
143 pH 5.2 good Good 
145 pH 5.2 to 6.4 good Good 
140 pH 6.4 excellent Good 
144 pH 6.4 to 7.8 Fair 


Evidently there is no general rule to be stated for all preparations in 
which amino-acids are present as important constituents. So far as 
we know the only suggestion that substances of this type might actually 
be inhibitory to bacterial growth is found in a recent paper by Swoboda 
(J. Biol. Chem., 1922, lit, 91), who finds that certain amino-acids may 
either stimulate or retard the growth of yeast, depending on the presence 
of other substances. 

In the experiments here given the “Aminoids”’ were added in the 
usual amount of diluting fluid to make a concentration of 5 per cent in 
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the finished medium. This is obviously much higher than the usual 
concentration of peptone in culture media and this may account for 
the unexpected result, which does not, however, lose its interest on that 
account. 

CONCLUSIONS 


1. In the preparation of Dorset’s egg medium the original method 
should be followed, in so far as that the coagulation and sterilization 
should be carried out at 76°C. Higher temperatures injure the nutri- 
tive qualities of the medium for the tubercle bacillus. 

2. Normal salt solution, plain bouillon, beef bile and potato infusion 
used as diluents for the egg, are not superior to water. 

3. Liver infusion (Lyall) used as a diluent gives rise to decidedly 
superior growths. 

4. “Biuret-free aminoids from casein” (Arlington), when added to 
the egg medium in proportion of 5 per cent of the finished preparation, 
gives growths superior to those secured with the original. 

5. The other ‘‘Aminoid” preparations (also Arlington) those from 
casein or from beef, used in the same way, either fail to increase the 
growth of the tubercle bacillus or actually inhibit growth completely. 

6. Normal guinea pig spleen, when rubbed on the surface of the egg 
medium, does not promote the growth of the tubercle bacillus. 
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TUBERCULOSIS 


A CHAPTER OF A FORTHCOMING REPORT OF THE COMMITTEE 
ON MUNICIPAL HEALTH DEPARTMENT PRACTICE OF THE 
AMERICAN PUBLIC HEALTH ASSOCIATION’ 


1. ORGANIZATION 


In 13 of the 83 cities studied,” the antituberculosis work is conducted by 
an independent bureau of tuberculosis in the local health department. 
Of this number 5 have a full-time chief of the bureau, and 8 employ a 
part-time head. In Cincinnati, although the tuberculosis work is con- 
trolled by the Bureau of Medical Inspection and Relief, it is directed 
by a full-time man subordinate to the chief of the bureau, thus making 
for our cities a total of 6 full-time tuberculosis directors. Of these full- 
time directors, 4 are physicians,? and 2 are nurses (Schenectady and San 
Diego). 

Sixteen other cities‘ apparently make an appropriation through the 
health department to be used specifically for the campaign against 
tuberculosis. Ten of these cities expend this money for tuberculosis 
activities through the Bureau of Communicable Disease, and 3 through 
other bureaus. In the 3 other cities where special expenditures are 
made by the health department the health officer supervises the work. 

In addition to the expenditure for tuberculosis made through the 
Bureau of Preventable Diseases, the New York Health Department 
furthermore conducts and makes appropriation for the Otisville Sanato- 
rium supervised by a whole-time medical director. The Health Depart- 
ment of Baltimore appropriates two sums, namely, one for the tuberculo- 
sis dispensary controlled by the Bureau of Communicable Disease and 
one for the Division of Tuberculosis under the Bureau of Public Health 


‘ Prepared by C.-E. A. Winslow, Dr.P.H., and Gertrude F. Baker, C.P.H., Department of 
Public Health, Yale School of Medicine. 

2 Cleveland, Denver, Detroit, Duluth, Grand Rapids, Los Angeles, Milwaukee, Newark, 
St. Paul, San Diego, Schenectady, Seattle, Syracuse. 

§ Cincinnati, Detroit, Grand Rapids and Milwaukee. 

4 Baltimore, Buffalo, Cambridge, Cincinnati, Flint, Lawrence, Lowell, New Haven, New 
Orleans, New York, Springfield, Trenton, Utica, Washington, Worcester, Yonkers. 
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Nursing. Through the Division of Hospitals the Health Department of 
Worcester financially aids the tuberculosis work by supplying a salary 
for the medical consultant. 

Municipal agencies other than the health departments may conduct 
the antituberculosis work, such as the Municipal Tuberculosis Sanita- 
rium of Chicago, and the Boston Consumptives’ Hospital; or such as the 
public-school department in Houston, Texas, where the tuberculosis 
activities are handled by the supervisor of school hygiene, with aid 
from two private agencies. In Fall River, a municipal agency, the City 
Hospital Board, provides funds to pay the salary of a physician in charge 
of the tuberculosis hospital and clinic. 

Private organizations carry on antituberculosis activities in practically 
all of the cities. As a rule their contributions outweigh the importance 
of those made by the health departments; but the work of private 
agencies has not been included in the present summary. 

Tuberculosis work as a state function is found in the Pennsylvania 
cities; and in most New Jersey municipalities the work is controlled by 
the city and county combined. 

Duluth also receives aid from the county treasury. 


2. HEALTH DEPARTMENT APPROPRIATION FOR TUBERCULOSIS WORK 


Of the 29 cities which make a special appropriation for tuberculosis 
work, we have obtained the definite budgetary allotment for 23. The 
TABLE 1 
Budgetary allotment for tuberculosis in 23 cities 


CITIES HAVING POPULATION OF ne pga SALARIES |MAINTENANCE 


dollars dollars dollars dollars 
500,000 and over 161, 755 15, 805 177, 560 0.077 
250,000 to 500,000 45,631 | 27,105 72, 736 0.03 
Less than 250,000 52,013 15,012 67, 025 0.037 


All cities 259,399 | 57,922 | 317,321] 0.049 


figures presented in table 1 show an average per capita expenditure for 
this group of cities of 4.9 cents. 
The figures indicated for 7 cities’ show a per capita expenditure of 


* Washington, Cambridge, Grand Rapids, Lowell, New Haven, Schenectady and Trenton. 
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less than 2 cents; for 7 cities,* from 2 to 3 cents; for 2 cities,’ from 3 to 4 
cents; and for 7 cities, over 4 cents (Buffalo 5, Cleveland 10, Detroit 
7, Newark 4.2, Seattle 5.6, St. Paul 7.4, Yonkers 17). 


Je LEGISLATIVE MEASURES FOR THE CONTROL OF TUBERCULOSIS 


Legislative measures for the control of tuberculosis require first, the 
prompt reporting and registration of cases of tuberculosis; second, the 
concurrent disinfection and disposal of sputum, and the terminal dis- 
infection involving cleansing or renovation of the premises after the 
removal or death of a patient; third, an antispitting ordinance; fourth, 
the segregation of careless tuberculous patients; and, finally, regulations 
which will protect the milk supply. 

A compulsory law for the reporting and registration of cases of tuber- 
culosis is found in 66 of the 83 cities studied. This number includes not 
only those cities which have their own law, but also those which operate 
under a state law. The general practice of the cities in regard to the 
control of the disease through the patient and his environment is to 
urge concurrent disinfection and terminal cleansing with or without 
fumigation. Practically all of the cities have an antispitting law, but 
only 13 cities* report making arrests. Thirty-four cities have a com- 
pulsory segregation law which allows the health authorities to remove 
and detain forcibly any tuberculous person who does not observe the 
precautions necessary for the protection of the public health. Only 8 
cities® report action taken under this statute. 

A general measure directed against tuberculosis is the requirement of 
pasteurization of all milk not produced under such conditions as to 
supply a Grade A quality. Such a regulation is found in the large 
cities, but of the cities in the second and third population groups less 
than one-half require pasteurization. Ninety-five per cent of the total 
milk supply is pasteurized in the larger cities, thus, it would seem, 
adequately safeguarding the public from infection through milk. Con- 
ditions are not so satisfactory in the cities having a population of 250,000 
or less, where only about 9 per cent of these cities pasteurize 95 per cent 
or more of their total milk supply. 


6 Cincinnati, Milwaukee, New Orleans, Flint, Richmond, San Diego and Springfield. 

7 Duluth and Syracuse. 

8 St. Louis, Boston, Baltimore, Cincinnati, Seattle, Portland, Dallas, Dayton, Houston, 
Salt Lake City, Norfolk, Wilmington and Jacksonville. 

® Chicago, Detroit, Cleveland, St. Louis, Los Angeles, Rochester, Birmingham and 
Hartford. 
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4, REPORTING 


Under practically ideal administrative conditions in Framingham, 
Massachusetts, for 1917-1918, Dr. Armstrong found the ratio of reported 
cases to tuberculosis deaths to be approximately 9 to 1. He cites the 
ratio of 4.7 to 1 for Cleveland in 1920, as better than will be found in 
many other American cities. 

Out of 69 cities for which we have data,'° 10 report less than 1 case 
per annual death, 30 report between 1 and 2 cases per death, 21 between 
2 and 3 cases per death, and 8 more than 2 cases per death. Chicago 
and Flint approach the result found by Armstrong in Cleveland, 
with rates of 4.1 and 4.4 cases per death, respectively. These facts 
indicate the general inadequacy of case reporting in most of the cities 
under survey. 


5. DISPENSARY TREATMENT 


Seventy-seven of the cities studied report tuberculosis clinic work. 
In 37 cases, tuberculosis clinics are maintained by the municipal health 
department, 5 of these cities having private clinics as well. Municipal 


clinics under other than Health Department auspices are found in nine 
other cities, 2 of these having private clinics in addition. In 19 cities 
private agencies, such as visiting nurse associations, hospitals, universities, 
medical schools, and antituberculosis organizations, alone provide clinic 
facilities. In 3.cases, Camden, Rochester, and Toledo, there are county 
clinics: and in 3 instances, Fort Worth, Jersey City and Louisville, the 
county codperates with the municipality in the support of the clinic. 
Six cities report state-maintained clinic facilities.” 

1. Clinic Personnel: The average number of physicians engaged in 
tuberculosis clinic work in 64 cities studied is 1.5 per 100,000 population. 
Forty-six of these cities have less than 2 physicians per 100,000 popula- 
tion; 11 cities have between 2 and 3; 7 cities (Atlanta, Dallas, Houston, 
Oklahoma City, Omaha, Reading and Wilmington) have over 3 physi- 
cians per 100,000 population. In all of these 7 cities it may be noted that 
the clinics are operated under state or private, and not under munici- 
pal, auspices. 


10 Where figures for 1920 were not available, those of 1919 were used. a 

1! New York has 19 municipal and 11 private clinics; Baltimore has 5 municipal and 
7 private clinics. 

12 Erie, Philadelphia, Pittsburgh, Scranton, Reading and Wilmington. 
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The average number of nurses doing tuberculosis work is 2.3 per 
100,000 population for 69 cities for which we have data (see table 2). 
Of these 69 cities, 55 have less than 3 nurses per 100,000 population; 
6 cities report 3 to 4 nurses; and 8 cities (Bridgeport, Camden, Cincinnati, 
Grand Rapids, Los Angeles, Lynn, Milwaukee and Yonkers) have over 
4 nurses per 100,000 population. In six of these 8 cities showing a high 
ratio of nursing service the nurses are employed by the municipality. 
Many of the physicians engaged in tuberculosis clinic work give only 
part-time service, and in some cases their service is voluntary. As far 
as can be ascertained, only 34 out of a total of 351 physicians render 
whole-time clinic service. Out of a total of 551 nurses serving tuberculo- 


TABLE 2 


Personnel, physicians and nurses, serving tuberculosis clinics in cities of the United States,1920 


PHYSICIANS NURSES 
number 100, number 100,000 
population population 
500,000 and over.......... 9 176* 1.3 9 311§ 2.4 
250,000 to 500,000........ 8 271 1.0 12 109** 2.6 
Less than 250,000......... 47 148} Ages 48 131tT 1.96 


* 24 whole time. 
{ 2 whole time. 
whole time. 
§ 209 whole time. 
** 12 whole time. 
tt 35 whole time. 


sis clinics, 256 apparently devote their whole time to this work, which in 
most instances includes follow-up work in the homes. Of the remaining 
295 nurses, 155 devote a part of their time to other forms of nursing: 
106 of the latter are working on the generalized plan, 33 are hospital 
nurses and 16 are visiting nurses. In regard to the 140 nurses still 
unaccounted for, the reports do not specify whether they perform tuber- 
culosis work exclusively or in combination with some other type of 
nursing service. 


13 Tn 6 cities, Cleveland, Los Angeles, Milwaukee, Cincinnati, Bridgeport and Oklahoma 
°City, tuberculosis nursing work is conducted according to the generalized nursing plan, 
by which method the city is divided into districts with one nurse furnishing all kinds of 
nursing service for each district. 
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2. Clinic Service: In 73 cities for which we have data, the average 
number of weekly sessions per clinic is 4.7. For 9 cities of the first 
population group the average number of sessions per clinic per week is 
5.9; for 12 cities of the second group, 4.7; and for 52 cities of the third 
group, 3.2. Newark and Atlanta have the largest number of weekly 
sessions per clinic, namely, 12; and Buffalo approaches this figure with 
10.5 weekly sessions. 

The average number of clinic sessions per week per 100,000 popula- 
tion for all 73 cities is 2.7. For the 9 cities in the first group the average 
number of clinic sessions per week is 3 per 100,000 population; for the 
12 cities in the second group the average number of clinic sessions per 
week is 1.8; and for the 52 cities in the third population group there are 
2.6 clinic sessions per week per 100,000 population. 


TABLE 3 
Number of annual clinic visits per 100,000 population for 56 cities 


AVERAGE NUMBER 
NUMBER OF NUMBER OF OF CLINIC VISITS PER 
CITIES HAVING POPULATION OF CITIES CLINICS 100,000 POPULATION 
PER YEAR 


500,000 and over 7 59 2, 734 
250,000 to 500,000 8 8 2,018 
Less than 250,000 41 45 1, 432 


All cities 56 112 2, 228 


Evening sessions are held in 12 cities: Baltimore, Los Angeles, 
Buffalo, Newark, Indianapolis, Portland, Providence, Louisville, Fall 
River, Lowell, Elizabeth and Canton. 

Table 3 gives the number of annual clinic visits for 56 cities grouped 
according to the size of their population in 1920. This table shows that 
for the total of 56 cities the average number of annual visits per 100,000 
population is 2,228. The average number of visits per 100,000 popula- 
tion for 7 cities having a population of 500,000 and over is 2,734. For 
8 cities having a population of 250,000 to 500,000, the average number of 
visits per 100,000 population is 2,018. In 41 cities of less than 250,000 
population the average number of visits per 100,000 population is 1,432. 

Of the 56 cities yielding the general average of 2,228 clinic visits per 
100,000 population, 33 cities report figures below 1,500; 13 cities figures 
between 1,500 and 2,500; 3 cities (Jersey City, Milwaukee and Omaha) 
figures between 2,500 and 3,500; 4 cities (Atlanta, Chicago, Newark and 
San Diego) figures between 3,500 and 4,500; and 3 cities report over 
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The average number of visits per patient per year for 49 cities is 2.8. 
For 8 cities of the first population group the average number of visits 
per patient per year is 2.5; for 8 cities of the second group 5.3; and 
Seventeen cities show less 


for 33 cities of the third population group 3.1. 


than 2 visits per patient per year; and 18 cities more than 4 visits per 
patient. The average number of visits per new patient per year for 
44 cities is 6.9, computed from the number of new patients and the total 
number of visits. The average number of visits per new patient per 
year is 6.8 for 7 cities of the first population group, 10.7 for 4 cities of 


TABLE 4 
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4,500 clinic visits per 100,000 population (New Bedford, 5,683; Norfolk, 
6,181; Boston, 7,984). The figures for the last ten cities mentioned are 


Annual cost for municipal state and private tuberculosis clinic service 


CITIES HAVING POPULATION OF 


TYPE OF CLINIC 


NUMBER 
OF CITIES 


AVERAGE COST 
PER PATIENT 


AVERAGE COST 


PER VISIT 


Municipal 
Municipal 
Municipal 
Private 

State 


NNN 


dollars 
4.55 
3.54 
5.65* 
7.43 
11.69 


dollars 


1.84 
0.86 
2.88 
2.247 
2.73 


4.76} 


1.84§ 


* Based on 4 cities only. 
t One city only. 
t 27 cities only. 
§ 29 cities only. 


the second population group, and 6.5 for 33 cities of the third group. 
Newark, Dayton, Norfolk, and San Diego show excellent clinic attend- 
ance with 12.8, 13.3, 13.2, 14.9 annual visits per patient respectively. 

3. Clinic Costs: The cost of municipal clinic service is reported ‘by 
only 17 cities. From the total clinic expenditure the total number of 
patients and the total number of visits to the clinic for each group of 
cities classified according to size of population the average cost per 
patient and per visit has been determined. For the total 17 cities, 
$4.52 is the average cost per patient and $1.80 the average cost per 


visit for municipal clinics. 


Twelve cities in this third population group report the cost of private 
clinic service and for these the average cost per patient is $7.43 and the 
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average cost per visit is $2.24. Two cities, Wilmington, Delaware, and 
Erie, Pennsylvania, the first having a clinic maintained by the State 
Tuberculosis Commission and the second by the State Department of 
Health, report clinic costs. For the two cities the average cost per 
patient is $11.69. Wilmington alone reports the number of clinic visits, 
and the cost per visit is found to be $2.73. 

The expenditure for municipal, private, and state clinic service 
combined as shown in table 4, gives an average cost per patient of $4.76 
for 27 cities and an average cost per visit of $1.84 for 29 cities. This 
figure corresponds strikingly with that for the municipal clinics of the 
7 cities in the group of the largest population. 


6. TUBERCULOSIS NURSING SERVICE 


The analysis of our data in regard to public health nursing has been 
extraordinarily difficult on account of the variations in type of service 
(some public health nurses giving bedside care and others doing only 
instructive work, some specializing on tuberculosis and others furnishing 
a generalized district service). Furthermore, in many cities the work of 
tuberculosis nursing is carried out by voluntary agencies and not by the 
Health Department, with which alone we are here concerned. In 45 
cities however our data indicate that some tuberculosis nursing is done 
by the. Health Deparment, generally of a purely instructive character. 
In the group of 63 cities which have a specialized tuberculosis service we 
find an average of about 2.7 such nurses per 100,000 population, whereas 
for a fairly complete service we should have about 4 per 100,000. 

Our data are unfortunately too incomplete to furnish a basis for com- 
puting the number of nursing visits to tuberculosis cases or the cost of 
tuberculosis nursing, but in a succeeding section of the report analyses 
of this kind are given for public health nursing as a whole." 


7. PROVISIONS FOR HOSPITAL AND SANATORIUM TREATMENT 


Many cities of the United States are supplied with institutions for the 
care of tuberculosis patients as a result of state legislation, by which the 
state may provide a state sanatorium, make mandatory the maintenance 
of tuberculosis hospitals by county commissioners, or subsidize city or 


44 Data in regard to some of the constants of tuberculosis nursing may be found in a 
survey of the tuberculosis problem in Rhode Island, prepared by C.-E. A. Winslow for the 
Rhode Island Tuberculosis Association. 
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county institutions. Other cities maintain their own municipal sana- 
toria; or hospitals may furnish a definite number of beds for city tubercu- 
losis cases. Private agencies, such as antituberculosis associations, 
furnish facilities for institutional treatment for some cities. 

State sanatoria which make provision for city cases may be illustrated 
by the New Jersey Sanitarium for Tuberculosis at Glen Gardner pro- 
viding beds for Camden’s cases; and the Michigan State Sanitarium at 
Howell serving Flint. County sanatoria are illustrated by the Lucas 
County Tuberculosis Hospital of Toledo, the Onondaga County Sana- 
torium for Syracuse and many others. The City of Chicago Municipal 
Tuberculosis Sanitarium was made possible by the adoption of the 
Illinois City Tuberculosis Act which provides a ‘Tuberculosis Sanita- 
rium Fund” by means of a state tax. In regard to 16 of our cities" it is 
stated that the municipal health department conducts a hospital or 
sanatorium which makes special provisions for tuberculosis. The General 
Hospital of Jersey City has one ward devoted to tuberculosis patients. 
At the Hermann Kiefer Hospital of Detroit there are 205 beds reserved 
for advanced tuberculosis cases. An example of a treatment institution 
provided by a private agency is found in the Gaylord Farm Sanatorium 
supervised by the New Haven County Anti-Tuberculosis Association. 

For the cities studied, the, adequacy of the institutional provisions 
has been considered on the basis of the average number of beds available 
for city tuberculosis patients; and the degree of hospitalization, on the 
admission rate to hospitals and sanatoria per unit of population, as 
well as in proportion to the number of annual deaths from tuberculosis. 

In 66 cities, the average number of beds available per 100,000 popula- 
tion is 59.6. The percentage of these beds occupied averaged 78 for 
58 cities in 1920. Theoretically, each city should have at least one 
hospital bed for every annual tuberculosis death. We find one bed for 
every 1.9 deaths based on data for 59 cities. Of these 59 cities, 16 
report one bed to 1.6 deaths or less and 4 report one bed to 1 death or less 
(Akron, 1 bed to 0.9 deaths; Milwaukee, 1 to 0.7; Tacoma, 1 to 0.5; 
Duluth, 1 to 0.2). Eleven cities of the highest population group have 
an average of 61.9 beds available per 100,000 population; and there is 
one bed for every 1.9 deaths for 10 of these 11 cities. The average 
number of beds available is 58.4 per 100,000 population for 9 cities of 
the second population group, or one bed for every 1.8 deaths for 8 of 


18 New York, Detroit, Cleveland, Kansas City (Missouri), Washington and Lowell are 
among the number. 
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the 9 cities. For 46 cities of the smallest population group, the average 
number of beds available per 100,000 population is 54.6; or one bed for 
approximately every 2 deaths for 41 of the 46 cities. 

The admission rate to hospitals and sanatoria is 64.0 per 100,000 
population for 36 cities, or 52.9 per 100 annual deaths from tuberculosis 
for 32 cities. 

Estimates as to the condition of the patient on admission to hospitals 
or sanatoria indicate that about 17 per cent of the cases for 26 cities 
enter as incipient cases; and about 61 per cent as advanced cases for 33 
cities. 

In 42 cities the average length of stay by the patient in a hospital or 
sanatorium is 6.2 months, coinciding with the six months’ stay con- 
sidered desirable for successful treatment in a fair proportion of cases. 
For 7 cities of the first population group the average length of stay is 
about fivemonths. Seven cities in the next group have a poorer showing, 
the average length of stay being 4.4 months; but for 28 cities of the third 
population group the average length of stay is 6.9 months. 

The cost per patient per day for hospital or sanatorium treatment is 
approximately $2.25 for 53 cities furnishing data. Considering 8 cities 
of the largest population group the cost per patient per day ranges 
between $1.50 for Baltimore and $3.20 for San Francisco (1919). The 
1919 figure for Minneapolis, one of the 7 cities of the second group con- 
sidered, is also $3.20 and the highest; the lowest being $1.25 for Kansas 
City, Missouri. Among the 38 cities of the third population group the 
highest cost of $4.00 is found for Springfield, Massachusetts, and the 
lowest cost of 60 cents for Columbus, Ohio. Seventy-two cities report 
free treatment available in case of need. 

Sixty-four cities report active follow-up work of discharged, arrested 
cases. Of these, 26 cities claim to carry on this work for an indefinite 
period of time; and 24 as long as the patient remains in the city, or until 
the termination of the case. For the 14 remaining cities, the length of 
time varies from 6 months to 5 years. This follow-up work is done by 
the nurses of the Visiting or Public Health Nursing Association in 16 
cities out of 28 denoting the agent; by municipal nurses in 4 cities, St. 
Louis, Buffalo, Fall River and San Diego; and by nurses supplied by 
antituberculosis societies or other welfare organizations in 6 cities, 
Columbus, Houston, Camden, Fort Worth, Elizabeth, and Flint. The 
State Department of Health supplies tuberculosis field nurses for Lowell 
and Erie. 
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Twenty-six cities make provision for vocational placing of arrested 
cases. In 13 instances this is municipal; in 9, private agencies, such as 
the Red Cross in San Diego and the Visiting Nurse Association of Kansas 
City (Kansas), provide for this work; and in 3 cities there are both 
municipal and private agencies supplying this need. One city makes no 
specific designation as to the agency providing vocational placement, 
but states that such work is being done. The nature of the efforts 
described as vocational placing of arrested cases is varied. In some 
cities, it appears to be vocational training and supervision; in some 
cities, it is strictly placement work;.and in others, it consists chiefly of 
occupational therapy as conducted in sanatoria. For example, in St. 
Paul the State Department of Education gives vocational training and 
supervises the character and hours of work of the ex-patient. In Akron, 
with the codperation of the rubber industries and the large stores, an 
attempt is made to find employment suited to the discharged case. The 
Public Health Nursing Association of San Antonio assists in finding light 
farm work for former tuberculosis patients. Occupational therapy 
work, such as book binding, basketry, chair-caning, and woodcarving, 
is found as a part of the sanatorium program in several cities. 


8. SPECIAL ACTIVITIES OF PREVENTION AND TREATMENT 


Over one-half of the cities carry on activities for preventing the de- 
velopment of the disease in contacts or predisposed children by one or 
more agencies such as children’s camps, summer camps, open-air classes 
and schools, and nutrition classes. A more complete idea of the scope 
and nature of the preventive work done may be derived from the de- 
scription of such measures as given by various cities. 

Thirty cities have open air schools or classes. Camps, designated as 
tuberculosis camps, open-air camps, day camps and children’s camps, 


. are found in 15 cities. Summer camps are also classed as vacation 


schools or summer sanatoria and it appears that 10 cities conduct such 
camps. 


9. SUMMARY AND CONCLUSIONS 
1. Perhaps the most remarkable feature brought out by this study is 


the fact that, while efficient antituberculosis work is carried on in nearly 


16 Among others, New York, Chicago, Detroit, Cleveland, Buffalo, San Francisco, Newark 
and Cincinnati. 
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all cities by some agency, the municipal health department plays in 
most cases a very small part in this important field of public health. 
In only 46 out of 83 cities are there municipal tuberculosis clinics; in 
only 45 are there tuberculosis nurses; in only 29 has the health depart- 
ment any specific appropriation definitely earmarked for tuberculosis 
work; and in only 13 is there a separate bureau of tuberculosis and in 
only 6 a full-time director. The budgetary allotment for 23 cities having 
a definite allowance is 4.9 cents per capita. 

We believe that every health department in a city of 100,000 popula- 
tion should include on its staff an expert, specifically charged with the 
supervision and codrdination of the campaign against the most deadly 
of preventable diseases, for, whatever aid may be offered by private 
agencies, the strategy of a widely conceived antituberculosis movement 


TABLE 5 
Admission rate to hospitals and sanatoria per 100,000 population 


AVERAGE AVERAGE 


NUMBER PER | NUMBER PER 
100,000 100 ANNUAL 


SANATORIA POPULATION DEATHS 


NUMBER 


CITIES HAVING POPULATION OF OF CITIES 


500,000 and over 6, 413 57.4 46.3 
250,000 to 500,000 1, 706 80.7 61.8* 
Less than 250,000 2, 642 75.0 75.1f 


All cities 10, 761 64.0 52.9} 


* Based on 5 cities only. 
{ 21 cities only. 
t 32 cities only. 


can be fully executed only by the official health authorities of the 
community. 

2. Sixty-six of the 83 cities studied have a law requiring the reporting 
and registration of tuberculosis. The enforcement of the law is far 
from complete, however; since of 69 cities, for which we have data, 
40 show less than 2 cases reported per annual death and only 8 showmore 
than 3 cases per annual death. Four or 5 cases per annual death would 
be a reasonable standard. 

Practically all cities have an antispitting law but only 13 report 
arrests, Thirty-four cities have a law for the isolation of the wilfully 
careless consumptive but only 8 report action taken under this statute. 

3. In 37 of the 77 cities where data are available municipal health 
departments conduct tuberculosis clinics, and in 9 cities clinic provisions 


iq 
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are secured by other municipal agencies, 5 of the first and 2 of the second 
group having private clinics in addition. Eleven cities have state or 
county supervised clinics, in some instances coéperating with private or 
municipal agencies. Private organizations alone provide 20 cities with 
clinic facilities. 

The number of sessions per clinic averages 4.7 per week; and 2.7 per 
week per 100,000 population. Evening sessions are held in 12 cities. 

4, The average number of physicians engaged in tuberculosis clinic 
service is 1.5 per 100,000 population. From the statements available 
we find that approximately 10 per cent of the total number of physicians 
render whole-time service. Jn several cities, the medical service is 
voluntary. Until a paid medical service is provided the best results will 
not be obtained from the clinic as a factor in the antituberculosis 
movement. 

5. The average number of nurses engaged in tuberculosis clinic work 
is 2.3 per 100,000 population. In those instances where specialized 
tuberculosis work is carried out by the Health Department we find a 
slightly higher rate or 2.7 per 100,000. 

The ratio of both physicians and nurses to population is far too low 
for adequate results. 

6. The average number of-annual visits to tuberculosis clinics per 
100,000 population is 2,228. This somewhat surprisingly high figure is 
due to the work accomplished in the larger cities. For 41 cities below 
250,000 population the average visits per year per 100,000 population 
amount only to 1,432. The average number of visits per patient per 
year on the other hand is only 2.8; and the average number per new 
patient is 6.9. An average of less than 3 visits per patient per year 
seems to reflect a distinct lack of efficiency in holding the patient. The 
average cost of clinic service per visit and per patient is $1.84 and $4.76 
respectively. 

7. Institutional facilities for the treatment of tuberculosis are made 
available for city cases through municipal departments of health, 
hospitals, the state, the county, or private organizations. The average 
number of institutional beds available for city tuberculosis patients per 
100,000 population is 59.6, or one bed for approximately every two 
annual deaths, as against the usual standard of one bed per every 
annual tuberculosis death. The percentage of these beds occupied 
averaged 78. The admission rate to hospitals and sanatoria is 64 per 
100,000 population, or 52.9 per 100 annual deaths. 
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As is well known, the condition of the patient on admission to the 
hospital or sanatorium is in a large measure advanced. In this study, 
about 60 per cent were in the advanced stage, and about 17 per cent in 
the incipient. The average length of stay by the patient was 6.2 months, 
a rather good figure; and the cost per patient per day averages $2.25. 

8. Sixty-four cities report active follow-up work of discharged arrested 
cases, and 50 cities claim to carry on this work until the termination of 
the case. The visiting nurse and the public health nurse play a most 
important part in this work. Sixteen cities out of 28 state that the 
follow-up work is done by the local visiting nurse or public health nurse 
association. Various methods for vocational rehabilitation of arrested 
cases are provided by 26 cities. 

9, Over one-half of the cities carry on special antituberculosis ac- 
tivities and treatment measures, as is illustrated by the fact that 30 
cities have open-air schools or classrooms and 25 have camps of various 
types. 

10. In general, then, we may conclude that antituberculosis work in 
the large cities of the United States shows encouraging progress along the 
lines of dispensary and sanatorium treatment and of public health nurs- 
ing; but a much more extensive department is needed. The municipal 
health department has, however, been notably backward in taking the 
position of leadership which properly belongs to it. The larger cities in 
general show much more efficient machinery for dealing with this problem 
than the smaller ones. The appointment of a competent director of 
antituberculosis work under the municipal department of health would 
be a most important step in codrdinating the activities of existing agencies 
and filling gaps, in ensuring the provision of adequate dispensary and 
nursing and sanatorium service, and in securing the treatment of a larger 
proportion of patients in the curable stages of the disease. 


CORRECTION 


In the paper by H. J. Corper and H. A. Robin, on “The Pulmonary 
Aspiration of Particulate Matter,’ page 813 of the November issue, figures 


3 and 5 are transposed. Their legends are correct as they stand. 
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THE CLINICAL PATHOLOGY OF PULMONARY 
TUBERCULOSIS IN ADULTS! 


AN ANALYSIS OF 500 NECROPSIES PERSONALLY PERFORMED 
OR OBSERVED 


JOSEPH WALSH 
Philadelphia 


Site of development: The clinical disease in the lungs begins almost 
always at an apex and more frequently the right than the left. Necropsy 
findings in adults show only about two per cent beginning at the hilum. 
The earliest lesions occur most often about three-fourths of an inch 
from the summit of the lung posteriorly in Chauvet’s zone d’alarme 
and, as a rule, have spread so as to involve the whole apex before they 
are discovered. This area of Chauvet is between the first and third 
dorsal spines, and alongside the vertebral column. If a quarter is glued 
to this area with a little collodion or a little adhesive plaster, and the 
lungs X-rayed, it will be found to correspond exactly with the summit 
of the lung. 

Personally, I saw at necropsy at the Philadelphia General Hospital 
between July 17 and December 22, 1920, five cases in which the first 
lesion was manifest at the anterior external part of the lung, immediately 
below the second rib as it passes under the clavicle. (Four of these 
5 were cured cases; 2 of them showed no other massive lesion, and in 2 
the mass at this situation was by far the largest. The fifth case was 
active, but the entire tuberculosis consisted of one mass, 2 cm. in diameter, 
in this situation. All 5 cases died of other causes.) Another common 
situation for early development is the apex of the lower lobe between 
the third and fifth dorsal spines alongside the vertebral column. 

Tuberculosis frequently manifests a chronic, almost healed lesion in 
one lung, and an actively acute lesion in the other.’ This acute condition, 
though usually in the upper part of the second lung is not so commonly 
confined to the apex, and more often occurs in all parts of the lung than 
the original lesion; a not infrequent situation is between the second and 
fourth ribs anteriorly, in other words, just above the horizontal mammil- 
lary line. As a consequence, it is a great mistake to limit the examina- 


1 From a lecture to resident physicians at the White Haven Sanatorium. 
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tion to the apices of the lungs for the reason that the original chronic 
lesion at the apex may be so small as to be undiscoverable, and the 
secondary acute lesion elsewhere be very large and readily manifest. 

Tuberculous pleurisy, with or without effusion, manifesting itself 
as the apparently primary clinical lesion of tuberculosis, is practically 
always associated with an already existing tuberculosis of the lungs, 
and this tuberculosis is frequently at the opposite apex. 

Tuberculosis usually begins at the apex in the form of one tubercle 
which gradually enlarges by the development of a corona of tubercles 
in its wall, or in the form of several or many tubercles which, enlarging 
in the same way, gradually run together, making a massive lesion, com- 
posed, as a rule, of more fibrosis than caseation, and with a distinct 
tendency to heal. Asa matter of fact, in the majority of cases it appears 
that the process is arrested several, or even a number of times, before 
it becomes serious, and sometimes even before it becomes a clinical 
condition, that is, a condition manifesting symptoms and signs calling 
attention to it. Yet in some cases caseation predominates from the 
very beginning. 

The common condition in the ordinary early or incipient cases shows 
a thickened pleura with definite fibrosis of greater or less extent under- 
neath it, in the lung tissue proper, and at the lower border of this fibrosis 
areas of caseation varying in size from a millet seed to a marble, and 
immediately below scattered. tubercles, either isolated or in the form of 
bunch-of-grape-like clusters. In different cases these scattered tuber- 
cles contain more caseation or more fibrosis, depending on their activity 
or their tendency to heal. Rarely, the early lesion manifests itself as 
an area of gelatinous pneumonia of walnut size or larger, with tubercles 
imbedded in it; rarely, also, as an area or several areas of caseous pneu- 
monia. I have seen two cases in which the lesion consisted of a mass of 
caseous tubercles of marble size (1 cm.) in close apposition from. the 
top to the bottom of the lungs. : 

In a necropsy study of more than 150 adult cases, to detect primary 
involvement, only 71 showed it definitely. In these seventy-one, 42 
(59.1 per cent) showed the right lung to be first involved; 17 (23.9 per 
cent) the left lung; and in 12 (16.9 per cent) it appeared that the involve- 
ment occurred at the top of both lungs and progressed downward simul- 
taneously. In 4441 clinical cases at the Phipps Institute (1), which did 
not come to necropsy and many of which were early cases, the clinician 
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stated the seat of primary involvement to be in the right lung in 63.2 
per cent, in the left in 20.5 per cent, and in both in 16.3 per cent. 

Progression of disease in the lungs: In the same necropsy study of 
more than 150 cases, with reference to the progression of the disease 
from the lobe first involved to the lobe next involved, only 62 showed 
it definitely. In these sixty-two, 17 (27.4 per cent) advanced practically 
throughout the right lung from top to bottom before the left became 
diseased; 12 (19.4 per cent) throughout the left from top to bottom 
before the right became diseased; 12 (19.4 per cent) down both lungs 
simultaneously; 12 (19.4 per cent) progressed from the right upper to 
the left upper lobe; 3 (4.8 per cent) from the right upper to the left 
lower lobe; 2 (3.2 per cent) from the left upper lobe to the right upper 
lobe; 2 (3.2 per cent) began at the hilum and spread outward without 
regard to lobes; and 2 (3.2 per cent) began in a lobar pneumonia of the 
right lower lobe and spread to the middle and upper lobes. In these 
150 cases, the disease was limited to the right upper in 2 and to the left 
upper in 2; in these 4 cases, death was actually caused by tuberculosis 
elsewhere. 

Involvement of pleura: Necropsy experience shows that disease of the 
pleura almost always accompanies tuberculous disease in the lung, and 
is usually coextensive with it; that is, the pleura is usually obliterated, 
or at least shows numerous adhesions from the apex to the lowest level 
of pulmonary disease. Adhesions occur below the level of the lung dis- 
ease more frequently than the lung disease below them. Diaphrag- 
matic pleural adhesions often occur before the disease reaches the base 
of the lung. I have seen complete obliteration of the pleura three times 
with practically no disease in this lung; these cases showed almost total 
disease on the other side, and always with very little (almost no) pleural 
involvement. 

Cause of death: In a necropsy study of 120 cases of manifest pulmonary 
tuberculosis in adults the actual cause of death was as follows: 


Chromic of Doth 9.2 
Chronic hilum tuberculosis of both lungs. 8 
Chronic tuberculosis and pneumokoniosis of both lungs...............2+0++ 1.6 
Tuberculosis of lungs and amyloid of abdominal organs...............+++ 1.6 
Acute generalized miliary tuberculosis. ..............0cceececseceeeceees 2.5 


per cent 
3.3 
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Tuberculosis of intestines 

Tuberculous abscess of kidney 

Hemorrhagic infarct with severe hemoptysis 
Thirty-ounce hemoptysis 

Pyothorax 

Spontaneous pneumothorax or pyopneumothorax 
Arteriosclerosis, 2. cases with, 1 case without aneurysm 
Heart and kidney disease 

Acute labor pneumonia 


I wish to insist that this table does not mean that these cases mani- 
fested no other lesions than those described. For instance, the 
acute tuberculosis of. both lungs was usually in the nature of scattered 
tubercles and scattered areas of caseation, yet there was also more or 
less chronic tuberculosis at one or both apices. In the cases of chronic 
tuberculosis of the lungs, there was also some acute tuberculosis but of 
negligible amount, death being practically due to the amount of lung 
space involved by the chronic process. Many more of these cases 
showed tuberculosis of the intestines, but again of sufficiently recent 
development not to be reckoned in the actual cause of death. Accord- 
ing to the Phipps Institute Pathological Report by White (2), 66 per 
cent of cases at necropsy show tuberculous ulceration of the small 
intestine. The majority of these, however, appeared to represent 
terminal infection at a time when death was already imminent from 
another cause. 

Some cases also showed tubercles on the meninges, but it was evident 
that these occurred in the last several weeks preceding death, when 
death was already certain from other causes. In my necropsy expe- 
rience, tuberculous meningitis proved the actual. cause of death in less 
than one per cent of cases of adult tuberculosis of the lungs. Only 
2 cases showed amyloid to a degree capable of being diagnosed clinically 
by enlargement of the liver or spleen, though the Lugol test at necropsy 
showed amyloid of the spleen in 26 per cent, of the liver in 17 per cent, 
and of the kidney in 4 per cent. In one of the surgical kidney cases 
there was also tuberculous pericarditis; this is generally seen in about 1 
per cent of cases, but is almost always a terminal condition, not recog- 
nized clinically. 

The arteriosclerosis and aneurysm cases had in addition a tubercu- 
losis of the lungs, but the amount of tuberculosis was so small as to 
have had no influence in directly producing death. The same is true 
of the heart and kidney disease cases. In general, arterial or valvular 
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sclerosis to a degree worth considering is uncommon in association with 
active tuberculosis of the lungs. Rokitansky attributed the apparent 
antagonism between mitral sclerosis and active tuberculosis to the 
venous stasis in the lungs which appears to have an inhibiting effect on 
tuberculosis. There are, however, other reasons which also apply to 
arteriosclerosis in general; namely, first, tuberculosis of the lungs is 
usually seen at an age younger than arteriosclerosis is found; second, 
most heart and vascular conditions occur in stout people, and it is 
possible that the highly nourished condition produces an inhibiting 
effect; and third, the conditions in the body making for the develop- 
ment of arteriosclerosis are such as to produce high blood pressure, 
while those making the body suitable for the development of tubercu- 
losis of the lungs are associated with low blood pressure. As a rule, 
therefore, decompensation and active tuberculosis do not run concur- 
rently; as a rule, too, cases of tuberculosis of the lungs with marked 
arteriosclerosis show great resistance to the advance of the tuberculosis, 
and as a rule great curative ability. The reverse appears to be also 
true, namely, that the low blood pressure induced by an active tuber- 
culosis of the lungs aids a heart laboring from arteriosclerosis. In this 
series the cases manifesting arteriosclerosis showed a limited tuberculous 
fibrosis and a few scattered tubercles; the same thing was true for the 
heart. and kidney disease cases. The remaining 113 cases showed no 
arteriosclerosis worth mentioning. 

In this series there were two hilum cases showing widespread tuber- 
culosis with numerous cavities in both lungs, but evidently progressing 
from the hilum, not the apices. On account of one of them coming 
under the head of hemorrhagic infarct, the percentage of these cases 
is 1.6 instead of 0.8 per cent. The percentage of pneumokoniosis is 
naturally smaller than if the necropsies had been done in coal mining 
or pottery districts. 

Hemoptysis: There were 8 cases in which hemoptysis preceded 
death. In 2, there had been a series of large hemoptyses, three and 
eight weeks, respectively, before death with bloody or bloodstreaked 
sputum practically up until the time of death. Both showed at necropsy 
a recent hemorrhagic infarct, one of the right, the other of the left 
lung; in the eight weeks before death one of these spit up nine pints of 
blood. 

In 4 there was an hemoptysis of eight to thirty ounces immediately 
preceding death. In two of these the hemoptysis probably helped to 
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precipitate death, though the symptoms, physical signs and necropsy 
findings showed that the patients would have died even apart from the 
hemoptysis. For instance, in one of these two cases we had been ex- 
pecting death daily for more than four weeks; the patient was extremely 
toxic, was losing weight rapidly and had 75 per cent of his lung space 
involved by chronic and acute disease. He had a sudden hemoptysis 
of twenty-four ounces and died in half an hour. He had several hemop- 
tyses and streaked sputum off and on for ten months preceding death. 
The necropsy showed a ruptured blood vessel in a cavity, from which 
the last hemoptysis probably came. The third case in good general 
condition, though with large involvement and extensive cavitation, had 
a sudden hemoptysis of sixteen ounces and died within fifteen minutes; 
the necropsy showed extensive involvement with extensive cavitation 
and a recent hemorrhagic infarct of the right lung. The fourth case 
had large involvement and extensive cavitation; but the patient was 
improving rapidly, when she had a sudden hemoptysis of thirty ounces 
and died in four minutes. No cause was found for the hemoptysis. 

In 2 there were several hemoptyses of several ounces daily several 
days preceding death. In one of these the hemoptysis was accounted 
for by an acute lobar pneumonia of the right lower lobe; in the three 
days preceding death the patient spat twenty-eight ounces of blood. 
In the second, no special cause was found, but the amount and character 
of the involvement was such that it was evident the patient would 
have died even apart from the hemoptysis. 

It is difficult to determine exactly in what cases hemoptysis was the 
principal cause of death. The one case in which it was certain is the 
fourth case of the second category, who was improving and was at the 
time in a quiescent condition when she had an hemoptysis of thirty 
ounces and died immediately. In addition, in this case the necropsy 
showed innumerable bronchi blocked with coagulated blood. In -the 
3 cases of hemorrhagic infarct, I have attributed the death to the in- 
farct, though the hemoptyses in each case were very large. In the 
lobar pneumonia case, also, I have attributed the death to the pneu- 
monia, though she spit up twenty-eight ounces of blood. 

In general, however, there were 8 cases (6.7 per cent) with hemoptyses 
of such amount that death was either caused or at least partially in- 
fluenced thereby. In these 8 the hemoptysis came from a hemorrhagic 
infarct in 3, from an acute lobar pneumonia in 1, from a ruptured blood 
vessel in 1, and was of unknown origin in 3. 
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In my clinical statistics of 589 patients who died, I find that 354 
had hemoptysis and 235 no hemoptysis at any time. Of the 354 with 
hemoptyses 151 manifested large or large and small, and 203 only small 
hemoptyses. Of these 151 patients, 42 died either immediately after 
a large hemoptysis or within several weeks after repeated hemoptyses 
of medium amount. Or, to put it in percentages, out of 589 patients 
who died, 60 per cent had hemoptysis and 7 per cent died immediately 
or shortly after a hemoptysis. 

From clinical and pathological experience the causes of hemoptysis 
in pulmonary tuberculosis appear to be: 

1. Acute congestion in the way of a cold, bronchitis or pneumonia. 
The bleeding is usually small in amount, though in pneumonia it may be 
many ounces, and is the result of oozing from the congested area. It is 
sometimes seen in epidemics. I believe.with Laennec and many subse- 
quent writers that this is the most common cause of hemoptysis. 

2. The opening of a tubercle or tuberculous mass into a bronchus, 
with the expectoration of caseous material and blood; or the temporary 
healing over of a cavity with a similar result on its reopening. In the 
case of a cold the hemoptysis usually occurs at the beginning of new, 
or with increase of old symptoms (cough, expectoration, night sweats, 
fever, etc.); in the case of disintegration of tuberculous tissue it usually 
occurs after new symptoms have been in progress for some time. After 
hemoptysis from a cold the symptoms usually continue or may even 
increase in severity for some days; after hemoptysis from breaking down 
of tissue the symptoms improve almost at once and the patient feels 
better. The hemoptysis from the latter cause often occurs three to 
eight weeks after a process capable of producing renewed activity, like 
a severe cold or other acute disease, or after a puerperium or a pro- 
tracted period of overwork. It is not uncommon, therefore, to have 
an hemoptysis from a cold, and three to eight weeks later another 
hemoptysis from a breaking down, the result of the cold. 

3. Rarely, hemoptysis is associated with menstruation, and there 
appears to be a relationship between them; in other words, at the time 
of menstruation sufficient congestion is produced around the tuberculous 
focus to allow slight oozing, with spitting of blood. Out of 319 patients 
who spat blood, 3 manifested it a number of times in association with 
menstruation. 

4. In the rare cases, in which passive congestion of the lungs due to 
decompensated heart lesion exists, it may be responsible for hemoptysis. 
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I have seen this variety of hemoptysis more frequently apart from 
tuberculosis than in association with it. 

5. I have seen 5 necropsied cases of hemorrhagic infarct with hemop- 
tysis, 3 in association with pulmonary tuberculosis and 2 without tuber- 
culosis, one of the latter having an abscess of the kidney and the other 
gangrene and infarct of the right lower lobe and pneumothorax. The 
infarct was in the right lung three times and the left lung twice. In 
the kidney abscess case the hemoptysis consisted of only bloodstreaked 
sputum; in the pneumothorax case it was large and repeated (30 to 40 
ounces); in the three tuberculous cases it was large and repeated, one 
of them dying in half an hour, the second after three weeks and the 
third after two months; in both the latter the hemoptysis continued 
practically until death. I have seen one pulmonary hemorrhagic in- 
farct in a tuberculous case recover as shown by necropsy many years 
after; its occurrence appeared to coincide with a severe hemoptysis. 

6. According to Rokitansky (3), Rasmussen (4), Powell (5), and Fraent- 
zel (6), rupture of a pulmonary blood vessel is the most common 
cause of very large, and especially of continuous hemoptysis. It usually 
occurs from the rupture of an aneurysmal dilatation of a vessel crossing 


a cavity. This cavity is usually large, though it may be as small as a 
pea. It is more commonly associated with far advanced, but may 


occur in early cases. 
In a study of my clinical cases I found 214 hemoptyses in which the 


cause appeared to be: 


Acute infection 

Breaking down of a tuberculous mass 
Menstruation (3 patients each a number of times) 
Decompensated heart disease 

Pulmonary infarct (3 cases all necropsied) 
Rupture of blood vessel (3 cases all necropsied) 


I have excluded from this series 105 hemoptyses in which no cause 
was apparent; the great majority of these were small, even to blood- 
streaks, a small number were large, and in some death appeared to be 
influenced thereby. 

I have had 24 patients come to necropsy after large hemoptyses in 
which the cause appeared to be: 

Lobar pneumonia 


Bronchopneumonia 
Acute congestion 
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Hemorrhagic infarct 
Ruptured blood vessel 
Undetermined 


In the 11 undetermined cases, careful search was made for ruptured 
blood vessels, butnone wasfound. In onecase the clotted blood extended 
postmortem from a cavity 3 cm. in diameter along bronchial branches 
to the main bronchi, so that it appeared practically certain that the 
bleeding came from this cavity, yet the walls of the cavity were smooth 
and showed nothing to account for it. In other cases in which the lungs 
showed no blood, in spite of an hemoptysis shortly before death, the 
lungs were sliced into thin sections, 0.5 cm. in thickness, and every 
section was studied, but the cause was not found. In general, it may 
be said that these 11 undetermined cases were at least not due to lobar 
or bronchopneumonia, or hemorrhagic infarct, and a certain number 
may have been due to undiscovered ruptured blood vessels, though I 
wish to reiterate that careful search was made in all cases. 

Eighteen (75 per cent) of these 24 cases showed such a far advanced 
acute tuberculosis that death was evidently imminent, and would have 
occurred in a few days even apart from the hemoptysis; in fact, I have 
never seen an early case come to necropsy with large hemoptysis pre- 
ceding death except when the hemoptysis came from a pneumonia. In 
other words, though we found 7 per cent of deaths in tuberculosis 
of the lungs to be preceded by large hemoptyses, in less than 2 per cent 
are the deaths really attributable to the hemoptysis. 

Pyothorax: It appeared at necropsy as if 2 of the 5 pyothorax cases 
might have been saved by operation. The clinical error made was in 
thinking there was more tuberculosis of the lung under the pyothorax 
than actually existed. This leads me to advise that no matter how 
much tuberculosis appears to exist, a pyothorax should be treated in- 
dependently, for though the chances with operation may be far from 
good, the chances without operation are practically nil, though I have 
seen one pyothorax come to necropsy which showed practical cure by 
the deposit of lime salts, and the formation of an immense flat mass of 
calcification. 

Artificial pneumothorax: It may, also, seem to the reader that artificial 
pneumothorax might have saved some of the 14 per cent of acute unilat- 
eral cases, and this is possible. About one-half of the necropsies, 
however, were done before 1910, when artificial pneumothorax was not 
the common procedure it is to-day; in the remaining cases it was tried 
in some without avail. For instance, 
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Case 6300: Male, aged twenty-six. Entered hospital March 20 with history 
of pleurisy on left side, bloodspitting, chills and night sweats two weeks before, 
and cough for two months. Physical examination showed signs of cavity at 
angle of left scapula and infiltration of remainder of the left lung. Except 
over the cavity there were dulness and bronchial breathing everywhere; there 
were, also, coarse moist rales everywhere. The right lung appeared to be in 
good condition. On account of nonimprovement an artificial pneumothorax 
was tried on June 5, and 200 cc. injected. The temperature, which had been 
99° to 100° for two weeks, rose at once to 101.8°, and was followed by a twelve- 
ounce hemoptysis the next day, and four days later by an hemoptysis of thirty- 
two ounces, causing immediate death. The necropsy showed on the left no 
evidence of the artificial pneumothorax; there was a cavity, 3cm. in diameter, 
at the angle of the scapula, and caseous bronchopneumonia from the top to 
almost the bottom of the lung. The striking feature was the large amount of 
involvement with no fibrous tissue anywhere; in other words, an extremely 
acute caseous pneumonia, showing not the slightest tendency to heal. This 
caseous mass was so solid that there was no possibility of collapse by pneumo- 
thorax. There is even some reason to believe that the attempt at pneumo- 
thorax hastened the end, though the tuberculous condition was of such a 
character as to be absolutely fatal anyhow. 


Several others of these 14 per cent of cases showed at necropsy sufi- 
ciently widespread caseation to make pneumothorax futile. In addition, 
my general experience with induced pneumothorax is far from favorable. 
I have had 23 cases successfully injected a number of times, 5 of them 
being at present under treatment. Of the remaining eighteen, 16 are 
dead, and the other 2 untraced. I do not know whether these 2 are 
living or not. The best I can say, therefore, is that in far advanced 
active one-sided cases, failing to show improvement under the general 
regimen, artificial pneumothorax has sometimes improved the condition, 
prolonged life a short time, rarely even to a year or two, and made the 
patient more comfortable. I have no patient who has lived a number 
of years; though I have 37 patients with more than 50 per cent lung 
involvement who are living and have lived more than an average period 
of eight years without artificial pneumothorax. 

During the past two years I have had 3 cases injected several times 
for hemoptysis without avail. In a fourth case with hemoptysis, which 
appeared to come from a large cavity in the left lung, we made all prep- 
arations, but, the hemoptysis stopping of its own accord, we did not 
inject. The patient died, and we found at necropsy a hemorrhagic 
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infarct of the right lung as the cause for the hemoptysis, so that, if we 
had injected, it would have been on the wrong side. I have seen about 
10 cases in which artificial pneumothorax was done for hemoptysis, 
and the hemoptysis ceased, though not always immediately, but I was 
never convinced that the hemoptysis would not have stopped anyhow. 
I have seen two pyopneumothoraces follow artificial pneumothorax, 
both of which showed at necropsy an opening into the lung appearing 
as if a spontaneous rupture had followed the induction of the pneumo- 
thorax. I have no reason for thinking that there was a causal 
relationship, but only mention the fact. 

Spontaneous pneumothorax: In the last twenty years, I have seen 
about 100 cases of spontaneous pneumothorax, with 7 recoveries after 
expectant treatment; in other words, with a 93 per cent death rate. 
The deaths occur, as a rule, in three or four days from shock, or, when 
they survive the shock, in five to ten weeks from pleural infection. 
On account of the high death rate on expectant treatment, I would 
advise removal of some air during the period of shock if the chest is 
much distended or the patient uncomfortable, and the modern operation 
during the second period, if the patient is going down. The death rate 
can scarcely be higher with operation than without. When the pneu- 
mothorax does not become infected, the air absorbs and the lung expands 
in about four weeks. I have seen one complete left pneumothorax with- 
out symptoms, except slight pain in the side. The patient was walking 
about without dyspnea or other discomfort. It was evident to physical 
signs, and was confirmed by X-ray. The lung expanded in about 
four weeks. The patient showed no tuberculosis or other lung disease. 

Pneumonia: There were 3 deaths from acute lobar (pneumococcus) 
pneumonia. In one the whole necropsy finding was the acute pneu- 
monia of the right lower lobe with tubercles scattered through it. In 
another pneumonia of the right lower lobe occurred four months before 
death, became infected with tubercle bacilli and failed to clear up; and 
the patient, who up to this time did well, gradually succumbed with 
acute tuberculosis of this lower lobe and a further breaking down of a 
previously diseased upper lobe. - In the third case the pneumonia was 
a complication of an already far advanced active case. 

The popular lay idea that tuberculous patients are more susceptible 
to lobar pneumonia simply because they already have a disease of the 
lungs is not justified. Comparing the morbidity from pneumonia in 
my tuberculous patients with the morbidity of the city of Philadelphia, 
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I find both practically the same or, if anything, less among the tubercu- 
lous. In general, the course among the tuberculous is milder, the pa- 
tient being very ill only three or four days and improving rapidly from 
this time. In spite of the milder course, the mortality is higher, being 
40 per cent among my 20 cases, on account of the more frequent failure 
to clear up and the not infrequent infection of the pneumonic mass with 
tubercle bacilli and later death from this new tuberculosis. For in- 
stance, in one of the cases the pneumonia began on January 6, the 
temperature subsided in fifteen days, rose again in response to tuberculous 
infection of the unresolved mass on February 18, and the patient died 
in May. Necropsy showed a typical unresolved right lower lobe pneu- 
monia which had become tuberculous. _ 

In addition to running a milder course, lobar pneumonia in a tuber- 
culous case is usually associated with freer bloodspitting, less evident 
dulness to percussion, especially in the first several days, less marked 
breathing, the breathing being usually bronchial instead of tubular, 
and less increase in the voice sounds. The rales are exactly the same, 
being crepitant for the first couple of days, then subcrepitant, and 
finally fine or even medium moist. The fever curve drops usually by 
lysis, but sometimes by crisis. 

My personal opinion is that lobar pneumonia in the tuberculous, when 
associated with hemoptysis, manifests less dulness and harsh breathing 
because the hemoptysis represents elimination of the red blood corpuscles 
instead of their retention with the production of dense hepatization. 
‘The rise in temperature and chill may precede or follow the primary 
bloodspitting. These lobar pneumonias are not to be confounded with 
Baumler’s (7) aspiration bronchopneumonia. 

A typical clinical case is as follows: 


Female, aged thirty-five, with scattered tuberculous involvement for four 
years over the entire left lung, manifested by moist rales which clear up when 
she is in good condition and become evident when she is run down. Tubercle 
bacilli in sputum on several examinations. On May 18, she expectorated 8 
ounces of blood in small amounts at various times; May 19, 10 ounces in small 
amounts at various times; May 20, 8 ounces; May 21 and 22, bloody sputum 
only; and afterward only an occasional streak. The bloody sputum contained 
tubercle bacilli and large numbers of pneumococci. On the day of the first 
hemoptysis there was no fever. Then for three days the temperature was 103° 
or over, for six between 102° and 101°, for six more between 101° and 100°, 
for four 100° or slightly over, and thereafter it remained at 99.6° to 99° as in 
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her ordinarily good condition. The pulse in tuberculosis being usually high 
and this patient manifesting palpitation easily, little can be told from it. The 
respirations rose corresponding to the pneumonia and remained high due to 
development of activity in the right upper lobe about the twenty-first day, 
although the pneumonia in the lower lobe had cleared up on the tenth day. 
This condition in the right upper lobe had entirely cleared up by July 11, and 
the respirations had returned to her previous normal. 

On account of the hemoptyses, it was impossible to have the patient sit up, 
or even to move her from side to side, so that the first examination was limited 
to the front and sides of the chest. But she was found in other positions at 
times, which allowed examination of the back. She showed crepitant rales 
for forty-eight hours over the right lower lobe, then subcrepitant and later fine 
to medium moist rales. On May 24 and 25 there were definite dulness and 
bronchial breathing over the same area, which together with the rales cleared 
up before May 29. In addition, all over the left chest there were the coarse 
moist rales which she usually manifested. Twenty-four hours after the first 
hemoptysis these had become bubbling and remained so throughout the attack. 
These bubbling rales gradually became coarse about the third week, and by 
July 1 they had assumed the character they have manifested for the past year. 
On account of their marked bubbling quality there was a tendency to believe 
that the hemoptysis came from the left side; and I think that if artificial 
pneumothorax had been performed that would have been the side chosen 
especially if the pneumonia had been overlooked as it might easily have been. 


Lesions found in the lungs at necropsy: In order to know what to 
expect clinically in far advanced cases of tuberculosis of the lungs we 
classified the lesions found at necropsy, which were clinically demon- 
strable on account of size or number in one hundred adult cases. They 
were as follows: 


Large cavity (over 5cm.) or several medium-sized cavities (over 2.5 cm.) taking 
up most of the upper lobes to the third rib and scattered tubercles below. ..... 23 
Left upper lobe either one large cavity or series of cavities; left lower lobe series 
of small to medium-sized cavities with fibrosis; right upper lobe large cavity; 


rest of right lung, few or many scattered tubercles...............0eeeeeees 10 * 
Left upper lobe one large cavity or series of medium-sized ones; lower, series of 
medium-sized cavities; right lung, few to many scattered tubercles.......... 10 


No clinically demonstrable cavities; fibrosis at both apices and few or many 
scattered tubercles below (death due to tuberculosis elsewhere than in lungs, 
or to a condition other than tuberculosis). 10 
Cavities right upper lobe, right middle lobe, apex right lower lobe, and apex left 
upper lobe with scattered tubercles below............ccceccccccccceccvees 9 
Right upper lobe, large cavity; middle and lower lobes, fibrosis and scattered 
tubercles; left lung, scattered tubercles..............cecccecceeccceeceees 9 
Pyothorax or pyopneumothorax in association with various kinds of lung lesions. 9 


ke 
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Bilateral tuberculous bronchiectasis 

Small cavity at each apex with few or many scattered tubercles below 

Cavities of various sizes from 1 to 3 cm. in the midst of healthy tissue radiating 
out from the hila of both lungs with no involvement at the apices 

Small cavities irregularly distributed throughout both lungs with caseation on 
one side and fibrosis on the other 

Large cavity with caseous pneumonia of remainder of left upper lobe and a few 
scattered tubercles elsewhere 

Gelatinous and caseous pneumonia throughout much of both upper lobes with 


small cavity at one apex 
Acute generalized miliary tuberculosis without demonstrable chronic lesion 
Large caseous tubercles, 1 cm. in diameter, in close apposition, from top to almost 
bottom of each lung, except for small cavity at one apex 
Left upper lobe, large cavity with scattered tubercles below; right lung, scattered 


tubercles 


This classification shows that in far advanced adult cases of tuber- 
culosis of the lungs we should find a cavity at the top of one lung in at 
least 84 per cent and at the top of both in at least 56 per cent, and that 
the patients without cavity formation are practically confined to cases of 
acute miliary tuberculosis, and cases of limited fibrosis at the apices, in 
which the cause of death is tuberculosis elsewhere in the body or some 
condition other than tuberculosis. It also shows that the common 
lesion to be looked for is a cavity or cavities at the top of the lung with 
more or less fibrosis or fibrocaseation below, and with scattered tubercles 
becoming fewer to the base of the lung. In general this condition is 
found in both lungs in about 50 per cent of cases. Gelatinous and large 
patches of caseous pneumonia and widespread acute miliary tuberculosis 
are decidedly exceptional. Small patches of caseous pneumonia at 
the extreme tip of the diaphragmatic margin or at the mediastinal 
border about the second rib are quite common. 

Posimoriem percussion: When performing a necropsy it is instructive 
to. percuss the chest immediately before opening the body, in order 
to prove to our immediate satisfaction how well tympany, dulness, 
resonance and hyperresonance indicate underlying conditions. In 
addition, certain signs like the cracked pot sound, uncommon during 
life are quite common after death. According to my experience (8) 
the cracked pot sound, both before and after death, is heard only over 
superimposed cavities. This condition is infrequent until the disease 
is so far advanced that examinations are rarely made on account of the 
weakness of the patient. 

Cure of tuberculosis: Necropsy experience shows that a clinical lesion, 
involving even up to 60 per cent of the entire lung space, may be arrested 
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or even practically cured to the extent that the patient may work suc- 
cessfully at a suitable occupation for many years. Massive lesions 
involving between one-third and one-half of one lung or scattered lesions, 
involving altogether a similar amount of lung tissue and not associated 
with large cavity formation, became radically cured in my necropsy 
experience in 23 per cent of cases. Small lesions became radically cured 
much more frequently, but are so easily overlooked at necropsy that it 
is difficult to give statistics regarding them. 

The common forms of healed manifest lesions show a massive scar 
varying in size from a marble to a walnut, in Chauvet’s zone d’alarme, 
or in the area, which I have described, under the second rib externally, 
with usually several or a number of smaller areas the size of a pea in the 
neighborhood, and with thickened interstitial tissue extending for a 
greater or less distance. This thickening frequently extends in the 
right lung throughout the whole of the upper lobe, or in the left through- 
out a correspondingly large area. This thickened interstitial tissue 
represents small scattered tubercles, which have healed. 

The following nine cases of cured clinically demonstrable tuberculosis 
of the lungs were encountered at the Philadelphia General Hospital 
between July 17 and December 22, 1920, among about 90 cases dying 
of other diseases: 


1. Cause of death, ulcerative endocarditis. Age 71. Cured massive tuber- 
culosis. Right lung, mass of fibrosis 2X 2 X 3 cm. at second rib and external 
border; another mass 1.5 cm. at zone d’alarme; between these two the visceral 
pleura was 2 to 3 mm. in thickness, pointing probably to a massive lesion which 
had flattenedout. There were three orfour 1 cm. areasin other parts of the upper 
lobe; the remainder of the upper lobe showed sufficient increase in interstitial 
tissue to amount to general fibrosis. The rest of the right lung was normal. 
The lower lobe of the left lung showed a fibrous nodule, 1 cm. in diameter, 
immediately under the surface, about the sixth rib and anterior axillary line; 
the rest of the left lung was normal. From this it would appear that the 
original clinical manifestation included the entire right upper lobe with con- 
solidation to the third rib anteriorly and to the third dorsal spine posteriorly. 

2. Cause of death, carcinoma of stomach. Cured massive tuberculosis. 
Right lung, between clavicle and third rib, outside midclavicular line a mass 
of fibrosis, 5 cm. vertically and 2.5 cm. in depth, composed of varying sized 
fibrous masses up to about 1 cm. The left lung showed several small fibrous 
masses, 0.5 cm. in diameter, near the apex, and several stellate depressions at 
the apex. 
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3. Cause of death, carcinoma of intestines. Age 60. Cured massive 
tuberculosis. A mass the size of a walnut in the right upper lobe at the exter- 
nal margin between the second and fourth ribs with several nodules, the size 
of a pea, nearby. One dozen scattered nodules, the size of a pea, in the left 
upper lobe, none of them at the apex. The right pleura was considerably 
thickened and quite firmly adherent. Clinically, it is likely that this case 
showed, at the time of activity, signs of consolidation over most of the right 
upper lobe and rales between the clavicle and third rib on the left. 

4. Cause of death, acute inflammation of bladder with gangrene. Age 
sixty-six. Cured massive tuberculosis. In the right lung a mass of fibrosis, 
5 cm. in diameter, below the clavicle outside the midclavicular line, and made 
up of smaller masses. 

5. Walnut-sized calcified area at apex of left lower lobe with definite fibrous 
extension, 1 cm. wide and 3 mm. in thickness, to the apex; no tubercles else- 
where. When clinically active, this lesion apparently showed entirely poster- 
iorly. The signs were evidently from Chauvet’s zone d’alarme to the fifth or 
sixth dorsal spine. I have four clinical cases at the present time showing 
similar involvement in the form of a cavity at the apex of the left lower lobe 
with a few scattered tubercles below, and a fibrous extension above. 

6. Cause of death, paralysis agitans, heart and kidney disease, and acute 
lobar pneumonia. Age 70. Left lung showed marked fibrosis at apex, a few 
scattered nodules the size of a split-pea and less marked general fibrosis through- 
out the rest of the upper lobe, and slight general fibrosis of the lower lobe. 
History of tuberculosis forty years before. In its active condition this case 
probably presented signs all over the left lung, and about half of the lung func- 
tion was permanently destroyed. 

7. Colored. Cause of death, ulcerative carcinoma of left breast with small 
extension to left lung. The right lung showed about twenty split-pea sized 
fibrous nodules, scattered throughout the upper lobe. Cases 8 and 9 were also 
colored and showed similar healed lesions to case 7. These three cases show 
the possibility of even colored persons becoming radical cures. 


Even cavities sometimes cure. For instance, case 5, just quoted, 
shows how large cavities sometimes heal by calcification. Again, I 
saw a patient January 29, 1917, with tuberculous infiltration on the 
right, to the third rib anteriorly and fifth rib posteriorly, with a cavity 
at the apex, and tuberculous infiltration of the left lower lobe from the 
angle of the scapula to the base of the lung with a cavity immediately 
below the scapular angle. On May 13, 1918, after sixteen months in 
Dermady Sanatorium, both cavities had disappeared to clinical signs. 
After working four years the patient died on June 25, 1922. The 
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necropsy showed the left lower lobe posteriorly to consist of dense, dark. 


gray fibrosis from the angle of the scapula to the base, and at the point 
where the cavity appeared in 1917 was a depression in the visceral 
pleura and beneath it a much denser mass of yellowish-white fibrosis. 
From the physical signs and necropsy findings I would estimate the 
original cavity to be 2.5 to 3 cm. in diameter. At necropsy the right upper 
lobe was found hollowed out by a very large cavity, but at the apex 
above the cavity was a dense mass of yellowish white fibrous tissue 
resembling that in the left lower lobe. I feel sure this dense, yellowish- 
white fibrous tissue represents in both instances healing of the cavities 
which were found five years before and which disappeared to clinical 
signs as the patient improved. 

I may digress, and say that I know of no other pathological reference 
to the fact that these areas of dense yellowish-white fibrous tissue below 
depressions in the visceral pleura represent healed cavities. I have 
personally seen similar areas a dozen times, but have made no practical 
differentiation between them and the ordinary grayish or dark grayish 
fibrous tissue found replacing or surrounding tuberculous infiltration. 

Cavities of Jarge size rarely if ever cure radically, yet I have seen 
attempts at cure which were marvelous; for instance, at the Phipps 
Institute I necropsied a case with a cavity the size of a billiard ball 
in the right upper lobe and surrounded by dense white fibrous tissue 
of almost cartilaginous consistency, three-fourths of an inch at its 
thinnest and 1.5 inches at its thickest part. 

Again, I have seen cavities collapsed in the midst of fibrous tissue, due to 
the pressure of the compensatory emphysema near at hand. An example 
of this is detailed on page 993. In other words, in spite of many recent 
clinical statements to the contrary, small and medium-sized cavities 
do sometimes radically heal, and large cavities may become surrounded 
by fibrous tissue, so as to separate them from the surrounding lung, 
or they may collapse with the clearing up of the physical signs. 

What can be accomplished in large lesions is evident from the two 
following cases: 


I treated a patient from December 6, 1909, until he died on July 15, 1912. 
When I first saw him, he had an acute tuberculous pneumonia of both upper and 
lower lobes of the left lung, with a temperature of 101° to 103° for nine weeks. 
His temperature continued over 101° and frequently rose to 102° and sometimes 
to 104° for six months. By this time there were signs of cavities over much of 
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- the left lung, the most evident being at the apices of the upper and lower lobes, 
and consolidation elsewhere. From this time forward the lung condition 
appeared to improve. After improving considerably for a year, with a gradual 
drop of his temperature to 99° and pulse to about 90, the temperature began to 
rise again and remain around 100.4° with a pulse around 100; and during the 
first six months of 1912, he gradually failed with symptoms and signs of tuber- 
culosis of the bladder and kidneys. 

The pathological diagnosis from necropsy was arrested disease of the whole 
of the left lung, two or three small recent tubercles at the top of the right lung, 
tuberculous abscess of the appendix, tuberculous abscess of the prostate, ex- 
tensive tuberculous ulceration of the bladder, three large tuberculous abscesses 
of left kidney, a few small, apparently healed tubercles in the right kidney, and 
acute tuberculous pericarditis. The left lung showed a cavity at the apex of 
the upper lobe and a larger one at the apex of the lower lobe with massive 
fibrosis throughout the rest of the lung. In spite of the immense amount of 
tuberculosis of the left lung, associated with cavitation, it was mostly cured in 
one year and failed to become active even on his decline from tuberculosis 
elsewhere. 


Another case of great accomplishment in one year is the following: 


Female, aged thirty-two. First seen August 28, 1920. Family history of 
tuberculosis. In 1911 in a tuberculosis sanatorium about six months with 
several ups and downs since that time. Clinical examination: Right, large 
cavity at apex, consolidation of rest of upper lobe and slight compensatory 
emphysema of middle and lower lobes. Left: Cavity at apex, fibrocaseation 
to second rib and third dorsal spine, pneumothorax below. In other words 
the examination showed the whole left lung and about one-third of the right 
to be out of function, with cavity formation at each apex. In addition, the 
patient was having severe attacks of asthma every twenty-four hours, es- 
pecially at night, necessitating special treatment and remedies. She had 
declined from a high weight of 137 to 92, with an average weight for her height 
and age of 147. It is unnecessary to say that the prognosis could not have been 
worse. It appeared as if she would die within four or five weeks. Fifteen 
months later the cavity at the top of the right lung was undiscoverable to 
physical signs, and there were hyperresonance and exaggerated breathing all 
over the right chest. The heart had gradually moved from its normal position 
an inch to the left. The left chest had become markedly contracted and the 
pneumothorax had disappeared. Her asthmatic attacks had improved to such 
an extent that she was having them only rarely, and even then not in a severe 
fashion. She was out of bed practically all day, and on one hour’s walking 
exercise. She had increased in weight 32 pounds. 
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She died December 8, 1921, of an acute hemorrhagic infarct. The necropsy 
showed the right upper lobe compressed into the space above the clavicle, 
and the middle and lower lobes hypertrophied to about twice their ordinary 
size, so as to take up not only the remainder of the chest but also extend be- 
yond the sternum into the left chest. There was a large cavity at the right 
apex, but flattened out by pressure of the remaining emphysematous lung, so 
as to be clinically not demonstrable. The left lung was contracted to half 
normal size and was one mass of cavities and dense fibrosis. In other words, 
in fifteen months she became arrested, and was well on the road to the practical 
cure of a tuberculous condition involving more than 60 per cent of her entire 


lung space. 


As I stated before, I have, in addition, 37 clinical cases living and 
working for an average period of more than eight years, with more than 
50 per cent of their entire lung space destroyed; and they are in such 
good condition that I have no reason to expect them to die for years to 
come. I put in this category all cases with the whole of the right 
lung involved, and those with the whole of the left and part of the right. 
I have one patient (aged 32), in pretty good condition for a number 
of years, whose only healthy tissue is at the bases in the amount of 
four-tenths of the right lung and three-tenths of the left. He has, at 
least, two large cavities at the top of each lung. About 65 per cent of 
his entire lung space is destroyed. While inhis worst condition he had 
a pulse rate of 176 for weeks, and over 140 for months. He was ordained 
a clergyman in June, 1922. In other words, no matter where or how 
much the involvement, an attempt at cure is worth while. 
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A STATISTICAL STUDY OF THE DECLINE IN THE NUM- 
BER OF DEATHS FROM TUBERCULOSIS OF THE 
LUNGS! IN THE CITY OF BOSTON, 1898-1921 


JOHN OLIVER EMERSON 
Boston Health Department 


A statistical study of the number of deaths from tuberculosis of the 
lungs, with specific attention to the different age periods, seems particu- 
larly worth while at this time in view of the fact that, so far as the writer 
has been able to discover, it has not been done, in recent years at least, 
and because it seems advisable to take count of stock to determine in 
what age group, if any, the decrease in the number of deaths from 
tuberculosis of the lungs has taken place. Conclusions based on a 
study of the figures over a long period of time may serve not only as a 
history of what has happened, but also as an indicator of what may 
be expected to happen in the future, and as a guide to future measures 
of eradicating and preventing this disease from further manifestation. 
Recent statements by not a few specialists in the prevention and cure 
of tuberculosis of the lungs express the belief that all prevention work, 
educational campaigns, propaganda, etc., should be concentrated on 
the child in the age period from birth to ten years, it being considered 
a probable medical fact that if the disease is not contracted in this 
period in a person’s life, there follows a certain practical guarantee that 
with ordinary right living and care the disease will not appear or become 
active in the body in later life. Partly in order to subject this opinion 
to the statistical X-ray as it concerns the actual experience of the city 
of Boston, and partly in the hope that statisticians in other health de- 
partments and antituberculosis organizations may undertake similar 
studies and all conclusions be finally correlated, this examination has 
been made. 

Deaths from tuberculosis were not separated and classified accord- 
ing to the International Classification of Causes of Death by the Boston 
Health Department until 1898. This classification, with certain wanes 
from year to year, has been substantially as follows: 


1 International classification. 
994. 
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No. 28. Tuberculosis of the lungs 
No. 29. Miliary tuberculosis (acute) 
No. 30. Tuberculous meningitis 

No. 31. Abdominal tuberculosis 

No. 34. Tuberculosis of other organs 


Last year, 1921, the classification was changed to read “‘No. 28. Tuber- 
culosis of the Respiratory Tract,” which is an improvement over previous 
classifications. Previous to 1898 the published records of the department 
show only the number of deaths from “‘consumption,’’ which included 
“general tuberculosis,” ‘tuberculosis of the lungs,” “‘tuberculosis of 
the larynx,” and sometimes “other forms of tuberculosis.’”’ It is there- 
fore unwise to go back any further than that year for an official survey 
of Boston’s deaths from tuberculosis of the lungs. A period of twenty- 
four years, however, from 1898 to 1921, seems sufficient to justify any 
conclusions the figures may present, particularly since the greatest work 
in tuberculosis prevention and treatment has taken place in the same 
period of time. 

It should be noted in connection with the charts and tables given 
herewith that the report is chiefly concerned with deaths from tuber- 
culosis of the lungs. It is, however, so often the custom of vital statis- 
ticians to tabulate cases and deaths of “pulmonary tuberculosis” by 
adding to the figures for tuberculosis of the lungs the figures for miliary 
tuberculosis, acute, whenever the lungs are infected, that the yearly 
figures of the last named disease, so far as they are obtainable, are 
given in a table by themselves for study. The inclusion of these figures 
for miliary tuberculosis in the tables of deaths from tuberculosis of the 
lungs would not substantially change any of the conclusions made 
herein. Mention might also be made of the fact that in the original 
study the age periods were classified as to sex, but beyond the fact that 
the tendency to decrease is a little more apparent in females than in 
males the same general conclusions applied similarly to both sexes 
and the total figure for both is used in the tables and charts. 

Examination of the charts makes it possible to visualize the decrease 
or increase in the number of deaths in each age period more easily than 
by a study of figures alone. The number of deaths is scaled vertically 
from 0 to 450; the years from 1898 to 1921 are scaled horizontally at 
equal intervals. For the purpose of easy comparison, the period of 
twenty-four years has been divided into two parts: the first part, indicated 
on the charts as Group I, being the period of twelve years from and includ- 
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ing 1898 to and including 1909, and the second part, indicated on the charts 
as Group II, being the period of twelve years from and including 1910 
to and including 1921. The solid line, in red on the original, represents 
the number of deaths in each age period from" year to year, and the 
dotted line, in blue on the original, represents the yearly mean for the 
group in which it appears for each age period. The age periods are 
labelled as follows: 


(A) Birth to 5 years 
(B) 5 to 10 years 
(C) 10 to 15 years 
(D) 15 to 20 years 
(E) 20 to 30 years 
(F) 30 to 40 years 
(G) 40 to 50 years 
(H) 50 to 60 years 
(I) 60 to 70 years 
(J) 70 to 80 years 
(K) 80 years and over 


A study of the plotted curves on the charts in conjunction with’ the 
following table gives us our first conclusions as to the age periods in 
which there has been a decrease and the age periods in which there has 
been an increase in the number of deaths from tuberculosis of the 
lungs in the last twelve years (Group II) under or over the preceding 
twelve years (Group I). 


GROUP I GROUP II 
DECREASE INCREASE 
AGE PERIOD YEARLY MEAN YEARLY MEAN I UNDER I It OVER I 


1898-1909 1910-1921 


per cent per cent 


(A) Birth to 5 years 48 25.00 
(B) 5 to 10 years 12 41.67 
(C) 10 to 15 years 17 23.53 
(D) 15 to 20 years 79 26.59 
(E) 20 to 30 years 338 31.07 
(F) 30 to 40 years 23.39 
(G) 40 to 50 years 
(H) 50 to 60 years 
(I) 60 to 70 years 
(J) 70 to 80 years 10.53 
(K) 80 years and over 33.33 


In other words, a comparison of the means in Group I and Group II 
shows a per cent decrease of 41.67 per cent in the mean of the last twelve 
years under the mean of the preceding twelve years in the age period (B) 
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5 to 10 to be the outstanding factor. However, like so many other 
statistical conclusions we meet every day it does not mean as much as 
it seems to on the surface, and we cannot distort this conclusion into 
stating that the greatest decline in the number of deaths from tuber- 
culosis of the lungs in the last twenty-four years has occurred in the 
age period (B) 5 to 10. As a matter of arithmetical fact, the figures of 
decline represented by 41.67 per cent in the age period (B) 5 fo 10, 
and by the 33.33 per cent in the age period (K) 80 and over, are actually 
very much less than the figures of decline represented by the 31.07 
per cent in the age period (£) 20 to 30, and by the 23.39 per cent in the 
age period (F) 30 to 40, because of the much greater number of deaths 
occurring yearly in the last named age periods. In the age period 
(B) 5 to 10, for example, the highest number of deaths ever recorded 
in a year is only 15, and in (K) 80 and over, only 7, whereas in the age 
period (£) 20 to 30 there have been as high as 416 deaths in a single 
year, and in (F) 30 to 40 as high as 348 deaths. 

It is in the age periods (EZ) 20 io 30 and (F) 30 to 40, then, that the 
greatest actual decline in the number of deaths from tuberculosis of 
the lungs has taken place in the last twenty-four years. It is in these 
age periods that the disease has always realized its heaviest mortality 
toll, as an examination of the following table giving the per cent of 
deaths in each age period to the total number of deaths in each twelve- 
year group will show. 


(A) Birth to 5 years........... 583 4.08 435 3.62 
(B) 141 0.98 84 0.69 
(C) 206 1.44 160 1.33 
fe 955 6.69 702 5.84 
(E) te 4,061 28 .47 2,808 23 .37 
(F) 30 to 40 years............. 3,911 27 .42 2,988 24.87 
(G) 40 to 50 years............. 2,314 16.22 2,426 20.19 
(H) 50 to 60 years............. 1,263 8.85 1,481 12.32 
(J) 229 1.60 209 1.73 
(K) 80 years and over......... 35 0.24 33 0.27 


* Cumulative for 12 years. 


The most startling feature of the summary, however, shown in both 
tables above and on the charts, is the fact that there is an increase 
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in the number of deaths from tuberculosis of the lungs in the age periods 
(G) 40 to 50, and (H) 50 to 60, and (I) 60 to 70 in the last twelve years 
over the preceding twelve years. This immediately raises a logical 
query: ‘‘If less people are dying of the disease in the age period 20 to 40, 
and more people dying of the disease in the age period 40 to 70, is not 
one factor balanced by the other to the end that the same number of 
people are dying, but, because of better treatment and care are living 
10, 20 or 30 years longer with the disease than they used to live?” 
It is no doubt true that, with more extensive sanatorium treatment 
and continuously improving methods for caring for the afflicted, the span 
of life has been lengthened, but the decline in the number of deaths in 
the age period 20 to 40 is not half balanced by the increase in the number 
of deaths in the age period 40 to 70. Proof of this is found in the con- 
tinuing decrease in yearly totals (see Table of Deaths at the end of the 
report). The statement is therefore accurately made that, while 
some deaths may have been postponed or be now in the state of being 
postponed, tuberculosis of the lungs as a cause of death is actually 
decreasing, and decreasing in the age period wherein the highest mor- 
tality has always occurred. 

If the year 1918 were excluded from this examination as being an 
abnormal year, the percentages of decrease in the last twelve years 
under the preceding eleven would be greater, and the percentages of 
increase much less than shown in the above tables, but in the opinion 
of the writer there has been an unfair tendency on the part of too many 
statisticians and investigators, particularly those with an insurance 
bias, to exclude 1918 figures because they were high in practically all 
diseases and deaths therefrom, and yet there is no hesitancy shown 
in accepting and using the low figures of 1919, 1920 and 1921 which, 
unquestionably, would not be so low had not 1918 conditions expedited 
the death of many susceptibles who would otherwise have lived to die 
in 1919, 1920 or 1921. 

Our statistical X-ray does not throw much light either in favor of 
or against the specialists’ opinion that, if the child is saved from tuber- 
culosis, the man is saved. In the age period from birth to 10 years in 
Boston there have been only 1,243 deaths reported to the health authori- 
ties as due to tuberculosis of the lungs in a period of twenty-four years. 
Only in the last few years has any attempt been made to follow a case 
of tuberculosis from the time of report to final disposition either as 
cured or died, and the records that a health department can keep on a 
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case are still meagre and insufficient, because of the revulsion which 
the public feels to all attempts to make a public record of case histories. 
Also because of the small amount of information on the death return 
it is as yet impossible to determine with anything resembling accuracy 
what age period relation the inception of the disease bears to the death 
from the disease. We can only say that, without considering the 
differences in the total number of deaths in the different age periods, 
the percentage tendency to decline in the number of deaths from tuber- 
culosis of the lungs in the age period from birth to 10 years is greater 
than in any other ten-year age period. Whether this is due to a policy 
of instructing parents more and more in methods of living that will 
prevent their children from contracting the disease, or to the attempts 
that have been made to isolate open cases away from contact with chil- 
dren, it is not for the statistical investigator to say because there is no 
proof. 

Unfortunately the utilization of past records in the preventive medicine 
of the future in tuberculosis as in all other preventable diseases will 
not be possible until periodic physical examinations are required by 
law, and not only the registration and report of all cases of contagious 
disease made obligatory, but also the movement of all such cases recorded 
and passed from the province of one health department to another with 
the person. Such a Utopia for the vital statistician, however, is im- 
probable as long as it must be financed from the public purse. 
Note: The International Classification, No. 29. Miliary Tuberculosis (Acute) does not 


appear in the Boston Health Department records until 1910. The yearly number of deaths 
from the disease showing lung infection occurring since that time is as follows: 


YEAR MILIARY INFECTION 
1910 

1911 30 
1912 40 
1913 29 
1914 36 
1915 51 
1916 55 
1917 49 
1918 40 
1919 29 
1920 32 
1921* 


* Included in new International Classification No. 28. Tuberculosis of the Respiratory 
Tract. 
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Deaths from Tuberculosis of the lungs in the different age periods, yearly from 1898 to 1921 
inclusive, in Boston, Massachusetis 


0-5 10-15] 15-20 | 20-30 | 30-40 | 40-50 | 50-60 |60-70 80-over 


1898 | 47 15 404 | 348 | 165 | 86 
1899 | 41 11 374 | 340 | 192 | 100 
1900 | 32 12 416 | 304 | 194 | 110 
1901 | 59 27 413 | 335 | 195 | 114 
1902 | 55 25 339 | 347 | 185 | 103 
1903 12 341 | 329 | 199 | 111 
1904 15 356 | 363 | 193 | 101 
1905 22 311 189 | 118 
1906 19 303 214 | 104 
1907 26 298 205 | 102 
1908 10 258 188 | 106 
1909 12 248 195 | 108 


18 274 207 | 112 
8 239 203 | 112 
15 240 210 | 126 
50 | 228 221 | 142 
15 225 217 | 134 
13 242 188 | 111 
18 222 217 | 124 
14 259 238 | 149 
19 274 227 | 154 
9 229 205 | 118 
5 200 145 | 105 
15 176 148 | 94 


1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 


A 


* Per 10,000 population. 


TOTAL | RATE* \ 
46 | 26 1,236] 22.27 
57 | 19 1,244] 25.08 
55 | 19 1,309] 23.71 
48 | 16 1,204] 21.70 
= 42 | 21 1,198] 21.10 
2 46 | 26 1,259] 21.76 
Oo 52 | 18 1,191] 20.56 
36 | 14 1,165] 19.67 
f | 48 | 15 1,115} 18.11 
46 | 19 1,062] 17.0 
Be 45 | 20 1,041] 16.28 
35 1,037| 15.4 
271} 1 1,053} 15.2 
43 1,035] 14.6 
32 1,009} 14.1. 
39 983} 13.8 
32 | 1 1,057| 14.6 
40 1,099] 14.9 
4 42 1,146] 15.4 
| 29 789| 10.9 
| 45 760| 10.2 
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FURTHER OBSERVATIONS ON PULMONARY TUBERCU- 
LOSIS AMONG NEGROES 


H..G. CARTER 


Burkeville, Virginia 


The purpose of this report is to record the results of treatment of pul- 
monary tuberculosis among the Negroes in such a way that an intelligent 
comparison of these can be made with those of institutions admitting 
whites. The report includes all patients discharged from Piedmont 
Sanatorium up to September 30, 1921, and covering the period from 
April, 1918. It records the immediate results of treatment in the 
Sanatorium, the ultimate results as shown by our follow-up work, the 
difference in results obtained in the ‘‘ pure-bred” Negro and the mulatto, 
and the effects of syphilis complicating tuberculosis. 

’ It was the original purpose of the institution to admit only early cases 
of tuberculosis, but on account of a total lack of local sanatoria in the 
tural districts of our State we found it necessary to admit a limited num- 
ber of more advanced cases for the purpose of segregation. We now 
admit all cases applying for admission, with the understanding that after 
two weeks’ observation they will be returned to their homes if found to be 
in a hopelessly advanced stage. The only exceptions to this rule are 
those whose home conditions make institutional segregation imperative. 

While it is not the ideal arrangement to have a far advanced case of 
tuberculosis travel to and from a State sanatorium in order to be classi- 
fied, we find this necessary at times, and feel that with the lack of rural 
health nurses the intensive training given the patient in the proper 
handling of sputum, dishes, etc., during a short stay more than counter- 
balances the harmful journey. We have admitted 204 cases of this 
type, 84 of whom died in the sanatorium and 120 were discharged as 
progressive. The average length of stay of this type of case was 67 days. 
In our follow-up work as of March, 1922, we find that all of these 120 
have died or are listed as not answering. 
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We have admitted for treatment 517 patients with results as follows: 


NONTUBERCU- 
LOUS 
SUSPICIOUS 
APPARENTLY 
ARPESTED 
IMPROVED 
PROGRESSIVE 


Nontuberculous. .......... 
Suspicious 

Incipient 

Moderately advanced 
Advanced 


ll lew 
| | 


11 


It will be noted from the above table that 301, or 58 per cent, improved 
under treatment and 216, or 42 per cent, showed no improvement or 
died in the institution. This table fairly well represents the type of case 
admitted to the average sanatorium admitting patients for treatment and 
includes all classifications. The average length of stay of patients in- 
cluded in this table was 103 days. 

In our follow-up work we find 196, or 41 per cent, of the 498 patients 
who were discharged improved and unimproved to be living March, 1922. 
One hundred and sixty-five, or 35 per cent, we were unable to trace, and 
117, or 24 per cent, have died since leaving the sanatorium. ‘The number 
living represents 27 per cent of the total number of patients discharged 
from the sanatorium, including those admitted for segregation, and 41 
per cent of those discharged from the sanatorium who were admitted for 
treatment and discharged living. 

Dividing these 196 patients living according to stage of disease, we 
find that: 

57 admitted as incipient show 55 or 94 per cent living, 


156 admitted as moderately advanced show 69 or 44 per cent living, 
288 admitted as far advanced show 72 or 25 per cent living. 


Summing up this work and recording it by the year discharged and in- 
cluding all cases admitted to the sanatorium and discharged living, we 
obtain: 


In 1918, of 66 discharged, 17 are living, 39 dead and 10 not traced. 
In 1919, of 181 discharged, 44 are living, 102 dead and 35 not traced. 
In 1920, of 166 discharged, 68 are living, 63 dead and 35 not traced. 
In 1921, of 185 discharged, 67 are living, 33 dead and 85 not traced. 
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Twenty-six per cent of all patients discharged in 1918 are living, 24 
per cent of those discharged in 1919 are living, 42 per cent of those 
discharged in 1920 are living and 36 per cent of those discharged in 1921 
are living. These percentages, it should be recalled, include those ad- 
mitted for segregation and discharged progressive as well as those ad- 
mitted for treatment. There is a large percentage from whom no reply 
could be obtained and undoubtedly a certain percentage of these are 
living. The most significant figure in this phase of our work is the very 
large percentage of far advanced who die within a short period of time 
after leaving the sanatorium. Only 25 per cent of 288 patients admitted 
for treatment as far advanced cases are living; these patients have been 
away from the sanatorium for periods ranging from six months to four 
years. If we contrast this percentage with 94 per cent incipient and 44 
per cent moderately advanced living, the importance of publicity work 
emphasizing the recognition of early tuberculosis is apparent. Given a 
far advanced case of tuberculosis in the Negro, and even with a short 
stay in a sanatorium his chances for ultimate recovery are slim, due to 
lessened resistance, unsuitable occupation and home environment, and 
inability to grasp the seriousness of his condition. 

A routine Wassermann test in our institution shows 12 per cent of our 
patients to have a 4 plus reaction, 2 per cent with negative sputum and 
10 per cent with positive sputum. All patients showing a 4 plus Wasser- 
mann are given antisyphilitic treatment, unless there is some marked 
contraindication. In some with dual infection we have noted improve- 
ment following treatment and exacerbation in some, while the majority 
show slight or no effect. In those showing negative sputum and a posi- 
tive Wassermann the greater majority have improved under treatment. 
The improvement following antisyphilitic treatment in those cases with 
positive sputum and positive Wassermann, as well as those with slight 
or questionably pulmonary lesion with negative sputum and positive 
Wassermann, could be attributed toimprovement following constitutional 
treatment for syphilis. But in the series of 16 cases with negative spu- 
tum and positive Wassermann there are 4 cases which we have definitely 
classed as pulmonary syphilis for the following reasons: definite and 
marked pulmonary lesions; 4 plus Wassermann and negative sputum with 
profuse expectoration; and marked improvement in chest findings and 
general symptoms following treatment. 

In our follow-up work we find 9 patients living out of a total of 71 with 
positive sputum and positive Wassermann: this is slightly over 12 per 
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cent. On the other hand, there are 29 per cent of our patients living with 
positive sputum and negative Wassermann. This would indicate that 
dual infection renders prognosis more grave. Some authors make a 
distinction between the prognosis in those cases in which syphilis is 
grafted on an old tuberculous lesion or tuberculosis is grafted on an old 
syphilitic lesion, saying that the former renders prognosis more grave and 
the latter more favorable than a simple tuberculous infection. We have 
been unable to determine with any degree of precision which infection 
antedated the other. However, our experience in the wards and our 
follow-up work would lead us to the conclusion that dual infection with 
tuberculosis and syphilis renders the prognosis more grave than simple 
tuberculous infection. 


AGE NUMBER OF CASES AGE 


10 to 20 189 40 to 50 
20 to 30 285 50 to 60 
30 to 40 154 60 to 70 


As seen in the foregoing table, our records show disease at an average 
younger age than is shown by sanatoria admitting whites. We have a far 
greater percentage of “the young adult type” of tuberculosis which, 
according to Brownlee, would indicate lessened resistance on account of 
absence of contact. Our average age is twenty-two years and four 
months. Our greatest number of cases occur between twenty and thirty 
and is double that of those between thirty and forty. Most institutions 
for whites show an average age between twenty-eight and thirty-four. 
This would indicate that the “‘young adult type” of tuberculosis predom- 
inates in the Negro, which being true, according to Brownlee, the infer- 
ence would be that the high death rate in the Negro race would be due 
to a lack of resistance rather than unhealthful surroundings. The 
‘middle age type,” according to the same writer, is the product of 
infection and reinfection in congested areas. A very small percentage 
of our patients come under this type. 

Our observations continue to show the mulatto to have apparently 
better resistance than the black. Our division into the three classes, 
does not of course, follow any hard and fast rule: those who are decidedly 
black are classed as Black; those decidedly light are classed as Mulatto; 
all other shades are called Brown. One hundred and sixty-seven were put 
in the first or Black class, 247 in the second or Mulatio class, and 291 in 


| NUMBER OF CASES 
76 
14 
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the middle classification made up of many shades. I was not convinced 
in my last report that the apparently better resistance shown by the 
mixed type was not a run of favorable cases in a small series. The 
number is larger in this report and I am now of the opinion that for some 
unknown reason the mixed type of Negro has a better resistance against 
pulmonary tuberculosis than the pure-bred. Our tables showing results 
are no more conclusive than our bedside observations. 
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We have included in this report all cases admitted to the sanatorium, 
and it will be noted that there is not a very marked variation between 
the percentage of incipient, moderately advanced, and far advanced 
in three classes. Seventy-four per cent of Blacks, 67 per cent of Brown 
and 68 per cent of Mulattoes were far advanced. There is, however, 
a wide variation between the percentage showing improvement. ‘Thirty- 
one per cent of Blacks were discharged improved and 69 per cent unim- 
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proved; while 46 per cent of Mulatioes were improved and 54 per cent 
unimproved. In our bedside observations we find very few of the long 
drawn out cases among those progressive in the Blacks. We do find them 
quite often in the mixed type. 

A report from our institution would not be complete without em- 
phasizing the interdependence of the two races of the South. Our records 
show that 75 per cent of our patients follow an occupation that throws 
them into intimate contact with the white man’s family, usually in the 
capacity of cook or nurse girl which offers so many opportunities to infect 
the family with tuberculosis. From a purely selfish point of view it is 
as necessary to prevent the spread of tuberculosis in the negro race as it 
is in the white if we expect to lower the mortality rate in the white race 
in the South. We can cite numerous instances of intimate prolonged 
contact in childhood as the cause of disease in later life. 


SUMMARY AND CONCLUSIONS 


1. The results at our institution prove beyond question that the Negro, 
although he shows less resistance against the disease than the white man, 
will respond to treatment for pulmonary tuberculosis, and that if treat- 


ment is begun in the early stages of the disease the large percentage of 
them will continue well. 

2. Syphilis complicating tuberculosis renders the prognosis more grave 
than simple tuberculous infection. Syphilis as a disease of the lung has 
been demonstrated by us in 4 clear-cut examples in a series of 16 with 
negative sputum and positive Wassermann. 

3. If the “young adult type” of tuberculosis is indicative of lessened 
resistance on account of absence of contact, then our records will go to 
show that the high death rate from pulmonary tuberculosis among 
Negroes is due to absence of contact rather than unsanitary surroundings. 

4, Our records continue to show the mulatto to have a better resistance 
against pulmonary tuberculosis than the pure-bred. We offer this as a 
fact without any deduction regarding its significance. 
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CHRONIC BRONCHIECTASIS TERMINATING IN 
PHTHISIS FLORIDA 


H. A. BRAY 


New York State Hospital for Incipient Pulmonary Tuberculosis, Ray Brook, New York 


The clinical manifestations of bronchiectasis and pulmonary tuber- 
culosis have many points of resemblance and may be readily confused 
in diagnosis. Bronchiectasis when complicated by pulmonary tuber- 
culosis may be masked by the latter. Frank bronchiectasis in the 
presence of pulmonary tuberculosis is usually accepted as being tuber- 
culous in origin, since here distortion of the bronchi commonly attends 
fibrous retraction of the lung. Consequently, when pulmonary tuber- 
culosis is engrafted on a primary bronchiectasis the latter condition is 
rarely accepted as a separate entity. This probably explains the 
paucity of references in the literature on this subject. 

The association of nontuberculous bronchiectasis and pulmonary 
tuberculosis can be definitely established in those instances in which 
the bronchiectasis is known to be the primary disease and during its 
course becomes complicated by pulmonary tuberculosis. 

The case here reported is of interest because the patient came to us 
suffering from bronchiectasis, was observed at intervals over a period 
of approximately eight years and ultimately died of tuberculosis at the 
Sanatorium. A rather unusual opportunity was thus offered to study 
the clinical manifestations arising from the association of these two 
diseases, both known to be firmly established. 


Miss T., a rather frail, nervous, alert child, ten years old, was admitted 
to the Sanatorium April 27, 1914, saying that for the past three months she 
had had a bad cough, was not very strong and at times was short of breath, 

Her family history was irrelevant. The child had apparently run the 
gamut of children’s diseases without ill effects. Four months previous to 
admission, she apparently suffered from a second attack of measles and during 
convalescence developed acute tonsillitis, associated with bronchitis and acute 
arthritis involving the joints of both the upper and lower extremities, and had 
been ailing since then. 
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On admission, her symptoms had cleared except for a frequent, raucous 
cough with mucopurulent expectoration, some weakness and slight dyspnoea 
on exertion. Her features were slightly cyanosed and the finger tips showed 
some clubbing. Physical examination was otherwise negative except for signs 
pointing to a pulmonary lesion at the left base, more marked posteriorly. 
Here the percussion note was slightly impaired, the vesicular murmur slightly 
exaggerated with numerous sibilant and sonorous rhonchi and coarse moist 
rales heard during both phases of respiration. The sputum was greenish, 
mostly purulent, and failed to show tubercle bacilli either by the usual or 
enriching methods of examination or by animal inoculation. When the patient 
was urged to free her lungs of sputum by coughing and was then placed in the 
Trendelenberg position head downward, 15 to 20 cc. of residual sputum were 
obtained, this quantity approximating the usual twenty-four hour specimen. 
The radiograph showed a few localized densities incorporated within the shad- 
ows Of the hila, while the lung fields were clear. The Pirquet test was positive 
and the Wassermann test 3 plus. Both blood and urine were negative. 

The presence of residual sputum in fair amount, negative for tubercle bacilli, 
together with the localized physical signs and a negative radiograph, suggested 
the presence of pulmonary pockets, probably bronchial in origin; and on these 
findings the diagnosis of localized bronchiectasis was made. While at the 
Sanatorium the patient developed St. Vitus dance, which responded satis- 
factorily to treatment by arsenic. She had periodic slight febrile attacks 
alleviated by bed rest. At the time of her departure, June 17, 1915, the phys- 
ical signs remained unchanged, but the pulmonary condition was regarded 
as arrested, because the general condition had remarkably improved and cough 
and expectoration, though still present, had perceptibly decreased. 

A year later the patient was readmitted because of slightly increased cough 
and expectoration, probably due to failure to carry out postural treatment 
as recommended by Garvin (1) for the removal of residual sputum. However, 
her general condition and feeling of well being had continued to improve, 
although finger clubbing was now quite definite. The radiograph still remained 
negative, except for possible accentuation of the linear markings and in- 
definite mottling in the upper half of both lung fields (fig. 1). 

After treatment for four months, the patient returned home, her sputum 
having materially decreased to 5 or 10 cc. in twenty-four hours. From this 
date, for a period of five years, her health was quite satisfactory and she was 
pretty active at school. She came to the Sanatorium annually to visit an aunt 
who was on the nursing staff. This gave us an opportunity for fairly close 
observation of her progress. In 1917 there was a recurrence of tonsillitis. 
Three years later the tonsils were removed and the patient was considerably 
benefited by the operation. The physical signs remained practically stationary 
during this interval, except that examination occasionally showed a few signs 
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also at the base of the right lung. The sputum, though repeatedly examined, 
remained negative for tubercle bacilli. The radiograph of December, 1919, 
(not here reproduced) showed further accentuation of the striations noted in 
the radiograph of June, 1916, (fig. 1), with the addition of a hazy localized 
shadow in the lower left lung field adjacent to the heart shadow. Early in 
September, 1921, at the age of seventeen, the patient weighed 138 pounds and 
was enjoying reasonably good health, except that during the entire interval 
her cough and expectoration persisted, with periods of exacerbation, when the 
cough would become quite bothersome, associated with abundant expectora- 
tion, which at times amounted to 50 cc. or more. 

During the latter part of the same month (September, 1921) the patient 
developed acute intestinal toxemia associated with jaundice, was acutely ill 
for several weeks and lost 16 pounds. She never fully recovered. Her cough 
became aggravated and the amount of sputum increased decidedly. In 
November she developed fever, the temperature ranging between 102° and 103° 
and the following month she was again admitted to the Sanatorium. 

She appeared very ill, was emaciated, acutely toxic and profoundly weak. 
Her cough was spasmodic, frequent and most harassing to her and her sputum 
was abundant, amounting to between 90 and 120 cc. daily, more or less purulent 
and, for the first time, now contained numerous tubercle bacilli. 

The physical signs were in striking contrast with those of previous examina- 
tions. The left lung showed areas of partial and complete consolidation 
throughout. There were also signs suggesting disease at the right apex. ‘The 
radiograph of January 16, 1922, (fig. 2), showed the left lung field occupied by 
dense conglomerate shadows, more marked above and with evidence of antrum 
formation at the apex. The symptoms, increased in severity, were associated 
with profound disturbance of nutrition. Unmistakable signs of disease 
appeared in the right chest and about this time tubercle bacilli were discovered 
in the urine. The patient languished for several months and ultimately died 
of asthenia on April 25,1922. A postmortem radiograph was made of the chest 
(fig. 3) for purposes of comparison with the autopsy findings. It will be noted 
that the shadows in both lung fields are considerably denser and more widely 
distributed than in figure 2. f 

Autopsy Report: The autopsy revealed a generalized tuberculosis affecting, 
among other organs, the kidneys, spleen, liver, intestines and notably the lungs. 
The left lung was bound by firm adhesions, especially at the base; the right 
pleural cavity was free. On section of the left lung, the cut surface presented 
throughout a worm-eaten appearance. The upper third was occupied by a 
large antrum. Below this point were innumerable small cavities, ranging in 
size from 0.5 to 2cm.in diameter. Scattered throughout the rest of the lung 
were discrete and conglomerate tubercles, of varying size and in different 
stages of caseation. The bronchi were implicated in the tuberculous process 
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Fic. 1. Firm TAKEN ABouT Two AND A HALF YEARS AFTER ONSET OF ILLNESS 

It contrasts with the initial film of a year ago in that the striations are somewhat 
accentuated with suggestive mottling in the upper half of both lung fields. There 
is no radiographic evidence of an existing bronchiectasis. 
Fic. 2. Diagnosis oF PULMONARY TUBERCULOSIS ESTABLISHED SIX WEEKS PREVIOUS 

TO THE TAKING OF THIS FILM IN JANUARY, 1922 

The appearance and distribution of the pulmonary shadows conform to those often 
observed in patients suffering from advanced tuberculosis. Radiographic evidence 
of bronchiectasis is lacking. 

Fic. 3. PostMorTEM RADIOGRAPH 

The distribution of the pulmonary densities indicates fairly accurately the extent 
of the disease as revealed at autopsy. However, our impression of the pathological 
changes in the lung formed from a study of the radiographic densities was not satis- 
factorily confirmed. 

Fic. 4. Cross Section or Lert LUNG 
Note the wide distribution of the tuberculous disease with multiple cavities and 
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to such an extent that any evidence that might have existed of a previous 
bronchiectasis had been practically effaced. However, the bronchial mucosa 
was markedly injected, a striking feature in bronchiectasis, and some of the 
bronchi were slightly dilated, but whether tuberculous or nontuberculous in 
origin could not be determined owing to the extent of lung destruction. On 
section the surface of the right lung in its upper half showed numerous discrete 
caseated tubercles of an average diameter of lcm. The lower half of the lung 
showed scattered tubercles and evidence of congestion and emphysema. 


To summarise briefly: The patient presented evidence of a localized 
pulmonary lesion at the base of the left lung for a period of at least seven 
years. This was attended by a productive cough and mucopurulent 
sputum, partly residual and negative for tubercle bacilli. Her features 
were somewhat cyanosed and her fingers clubbed. These clinical 
manifestations suggested some condition other than tuberculosis, prob- 
ably bronchiectasis. This suspicion was heightened by the absence 
of any striking change in the clinical manifestations of the disease during 
this period, by the negative radiographic examination, and finally by 
the contrast in the clinical picture, physical and radiographic findings 
when the condition became complicated by phthisis florida. 


, REFERENCES 


(1) Garvin, A. H., Lyatt, H. W., anp Morita, M.: Chronic non-tuberculous lung 
infection, Amer. Rev. Tuberc., 1917, i, 16. 


a 
q 
q 
a 
i 


THE MECHANISM OF COMPENSATION IN PULMONARY 
TUBERCULOSIS AND ITS RELATION TO 
PHYSICAL SIGNS 


H. A. BRAY 
New York Stale Hospital for Incipient Pulmonary Tuberculosis, Ray Brook, New York 


The term compensation is here employed in a limited sense to designate 
the means adopted by the body to meet a loss of lung volume incident 
to tuberculosis. Loss of lung volume occurs frequently in this disease 
and may here originate any one or all of the body’s four major methods 
of compensation. These are (1) chest deformity, with or without spinal 
curvature, (2) compensatory emphysema, (3) displacement of the diaphragm, 
and (4) deflection of the mediastinum. 

These attempts at compensation sometimes suffer from interference. 
For example, rigidity of the chest wall may interfere with its retraction. 
Pleural adhesions may limit the mobility of the diaphragm or mediasti- 
num, and there are as yet unexplained individual differences in the 
capability of the lung to supply compensatory emphysema. The degree 
of interference may be extreme, yet with few exceptions compensation 
is adequately established. This result may be attributed to the close 
interrelationship existing between the factors, the restricted action of 
one or more increasing proportionately that of the others. 

A study of these factors, more especially their reciprocal action, will 
prove helpful in explaining several apparent disparities in physical 
examination and also aid materially in the correct interpretation of the 
chest roentgenograph. 

Chest deformity and compensatory emphysema are best revealed by 
physical examination, while the X-ray is superior for the detection of 
displacements of the mediastinum and diaphragm. 

The radiographs here presented illustrate the participation of the 
diaphragm and mediastinum in the compensatory process and their 
interrelationship of function. It must be remembered, however, that 
in this respect, lung emphysema and chest deformity play an equally 
important réle, evidence of which may be partially or completely lacking 
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The diaphragm, a broad, mobile, muscular sheet, is particularly 
adapted to meet the burden of compensation and not infrequently 
plays the major réle. In health the shadow of the right leaf is usually 
on a slightly higher level than the left. This normal disparity in the 
height of the leaves may be accentuated by abdominal breathing, owing 
to the relatively greater descent of the left leaf with this type of respira- 
tion. Elevation of the left leaf may be due to gastric distention. This 
is shown in figures 1 and 2 of the same person taken before and after a 
meal. The accumulation of gas in the stomach following the meal has 
caused a temporary but perceptible elevation of the left leaf. Such 
physiological displacement may be readily misinterpreted as evidence 
of compensation. Where the disease is equally distributed in both 
lungs, the diaphragmatic leaves may ascend, still retaining their relative 
levels. Because of this, their participation in the process may escape 
detection, but it is evidenced on fluoroscopy by limitation of the dia- 
phragmatic excursion. For this reason the fluoroscope is a requisite 
in studying the diaphragm in compensation. On the other hand, in 
unilateral disease, the upward displacement of one of the leaves may 
appear greater than actually exists because of the abnormal depression 
of the opposite leaf, the result of physiological hypertrophy of the 
healthy lung. Spinal curvature involving the lower dorsal and lumbar 
regions may also influence the relative position of the leaves. 

The elevation of the right diaphragmatic leaf in figure 3 is a mani- 
festation of compensation. The patient, aged fifty-three, presented 
evidence suggestive of a pleural effusion at the right base, and involve- 
ment of the upper half of the right lung and left apex. On inspection 
the thorax showed no evidence of retraction over the underlying pul- 
monary disease, because of rigidity of the chest. The mediastinum as. 
determined by the physical and radiographic examination was centrally 
placed; probably because of adhesions. There was no evidence, of 
compensatory emphysema. Consequently, the elevation of the right 
diaphragmatic leaf is the essential factor in the readjustment necessi- 
tated by the pathological decrease in volume of the right lung. How- 
ever, it is obvious that the displacement would not have been so marked 
if the other factors had participated more actively. From the foregoing 
it will be seen that previous attempts to establish the extent of pulmonary 
disease by the degree of diaphragmatic displacement, without consid- 
eration of the other factors, frequently proved fallacious. 

The physical signs associated with upward displacement of one of 
the leaves of the diaphragm may be confused with those of pleural 
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effusion, but on radiographic examination they are readily differen- 
tiated. When the left leaf is elevated, the associated displacement of 
the heart may produce symptoms referable to this organ. 

Mediastinum: From a casual study of the mediastinum it is difficult 
to realize the extent to which this structure may be deflected by patho- 
logical conditions arising within the chest. At times the deviation 
may be such that the heart border approaches the lateral chest wall. 
Is the mediastinum pulled over by the diseased lung or pushed over by 
the healthy lung? The question is still under discussion. The mediasti- 
num is firmly attached to the diaphragm and in health follows its move- 
ments during respiration, becoming elongated during inspiration and 
shortened during expiration. This change in the shape of the mediasti- 
num during respiration is shown on fluoroscopy by a to and fro movement 
of its lateral borders. On inspiration with descent of the diaphragm 
the lateral walls approach each other, while on expiration with ascent 
of the diaphragm, they recede. This normal to and fro movement 
may exist also in a displaced mediastinum, but cannot be regarded 
as a manifestation of disease as held by some ‘observers. However, in: 
some instances the deflection of the mediastinum may be accentuated 
during inspiration This is an abnormal movement and probably due 
to increased negative pressure on the diseased side from delayed and 
insufficient expansion: of the lung. 

Figure 4 is an example of moderate mediastinal deflection, the result 
of extensive disease of the right lung. The action of the other com- 
pensatory factors was greatly inhibited; otherwise the deflection, for 
reasons above referred to, would not have been so pronounced. Caution 
is required in the interpretation of deflections on the radiograph, since 
the condition may be simulated by an artefact due to rotation of the 
patient at the time of X-ray exposure. In figure 5 the patient is cen- 
trally placed and illustrates the normal position of the mediastinal 
and diaphragmatic shadows. In figure 6 the same patient is slightly 
rotated and in this position the mediastinal shadow is projected more 
into the left lung field, while in figure 7 the patient is rotated in the 
opposite direction and the mediastinal shadow comes to lie more in the 
right lung field. Deflection of the mediastinum may considerably modify 
the physical findings' because of the altered anatomical relations. In 


1 When employing physical signs to determine the presence of mediastinal deflection, it is 
well to remember that the signs are more evident anteriorly, owing to the greater thickness of 
the musculature and the greater volume of the interposed lung posteriorly. 
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particular, the percussion note over the deflected mediastinum is at times 
markedly impaired. This may suggest a denser lesion than actually 
exists. On auscultation, because of the associated deviation of the tra- 
chea, the sounds over the diseased lung may be so modified and accen- 
tuated as to suggest the presence of an antrum. Deflection of the 
mediastinum may also be confused with hilum enlargement or cardiac 
hypertrophy. It is well to remember that many of the symptoms of 
cardiac hypertrophy are similar to those of cardiac displacement, thus 
adding to the difficulties of diagnosis. 

In contrast with the above cited cases, the diaphragm and mediasti- 
num may reciprocate about equally in compensation. In figure 8, the 
left leaf, normally below, is placed on a slightly higher level than the 
right, and the mediastinum is shifted correspondingly to the same side. 

Emphysema: Pathological emphysema occurs in the zone of disease, 
physiological hypertrophy in the healthy parts of the lung. In the 
latter, the integrity of the alveolar wall is retained and with recovery 
the lung returns to its normal state. In this respect it contrasts 
with pathological emphysema which constitutes a permanent change in 
the lung structure. 

Hypertrophy of the Jung is best illustrated in tuberculosis by the 
decided increase in the volume of the healthy lung in unilateral disease. 
Whether the lung undergoes a true hypertrophy or merely a physiologi- 
cal distention is still undetermined. 

It is important to remember that the presence of marked compensatory 
emphysema may mask the other physical signs even in the presence 
of extensive involvement. In the patient of figure 9 the physical 
examination before and after admission to the Sanatorium was incon- 
clusive. The negative findings, together with the fact that the patient 
was acutely ill, at first suggested some condition other than pulmonary 
disease, but the presence of numerous tubercle bacilli in the sputum and 
the distribution and density of the radiographic shadows determined 
the diagnosis. In other words, when emphysema is marked, the radio- 
graph proves invaluable in diagnosis. 

With extensive involvement of one lung, the scattered infiltration in 
the opposite lung usually remains concealed on physical examination 
owing to the associated hypertrophy. 

The thorax, because of its rigidity, does not respond as quickly as 
do the other factors to the demands of compensation, an observation 
supported by the absence of this sign in pulmonary disease with rapid 
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loss of lung volume, as, for example, in lobar pneumonia, where the 
diaphragm and mediastinum enter conspicuously into the compensatory 
process while the participation of the thorax is negligible. Similarly, 
in tuberculosis this sign may not be marked even with advanced disease, 
yet it may be pronounced with less disease provided the function of the 
other factors be impaired. 

The patient of figure 10 on physical examination, presented evidence 
of disease involving the upper half of the left lung and the right apex 
associated with marked deformity of the left chest, more especially 
above. The deformity of the left chest became more marked as the 
disease progressed, indicating the intimate relationship existing between 
the compensatory mechanism and the progress of the disease. Mensura- 
tion of the chest, as emphasized by numerous observers, would here 
unquestionably have helped in diagnosis. 

That compensatory factors appear to be mutually active in some in- 
stances is illustrated in figure 11. Here the upper third of the right 
chest is retracted, with evidence of compensatory emphysema at its 
base, and the radiograph reveals a slight upward displacement of the 
right diaphragmatic leaf and corresponding deflection of the mediasti- 
num to this side. Particularly noteworthy is the relative decrease in 
size of the right lung field, indicating loss of lung volume. 

A study of the accompanying radiographs appears to establish the 
existence of an intimate reciprocal action between the diaphragm and 
mediastinum in compensatory readjustments of the organs within the 
thorax. The mobility or immobility of the mediastinum is important 
in determining the position of the diaphragm, and vice versa. Though 
more evident on physical examination, compensatory emphysema and 
local retraction of the chest wall play a similar and equally important 
role. 

The impracticability of previous attempts to measure the extent of 
pulmonary disease by the activity of any one of the compensatory 
factors may be attributed to the fact that in tuberculosis, for reasons 
previously mentioned, the function of one or more of these factors is 
frequently inhibited in the individual case. Therefore, it is essential, 
for the proper determination of the extent of loss of lung volume in this 
disease, to estimate the degree of participation by all the compensatory 
factors. 

The present subject may be viewed from many angles, some of which 
have not been considered here. For instance, I have not discussed the 
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possible effect of the location of the pulmonary lesion on the extent of 
participation of the individual factors, the reasons for the notable re- 
traction of the thorax in the presence of extensive pleural adhesions, 
and the influence of other conditions, among them pleural effusion and 
pneumothorax. -However, sufficient data have been submitted to estab- 
lish apparently the practical value of a study of the mechanism of 
compensation in both the physical examination and the interpretation 
of the chest radiograph. 


CASE REPORTS 


Case 5985: Age, fifty-three. History of previous pleurisy right base twelve 
years ago. Thorax rigid, symmetrical; moderately dense lesion upper half of 
right lung with signs suggesting pleural effusion at corresponding base; in- 
filtration left apex. No evidence of compensatory emphysema. (See fig. 6 
and chart 1.) 

Case 5662: Slight retraction of right chest above. Dense lesion involving 
almost entire right side, more marked above than below, with antrum forma- 
tion. Infiltration of left apex. Hypertrophy of left lung. (See fig. 7 and 
chart 2.) 

Case 5902: Infiltration upper part of left lung. Thorax not retracted in this 
region, but expansion slightly delayed and diminished. Few signs localized 
at right apex. (See fig. 8 and chart 3.) 

Case 5190: Thorax symmetrical, full and round. Hyperresonant note on 
percussion and harsh breathing over entire chest. Evidence of pulmonary 
disease merely suggestive. Sputum contains numerous tubercle bacilli. 
Death from asthenia six months after initial examination at Sanatorium. 
(See fig. 9 and chart 4.) 

Case 5719: Moderate infiltration upper half of left lung associated with 
pronounced depression of the chest over the site of lesion. (See fig. 10 and 
chart 5.) 

Case 6133: Disease of twelve years duration. Retraction and limited 
mobility of upper third of right chest. Dense lesion involving practically the 
entire right lung, more particularly the upper half, with evidence of compen- 
pensatory emphysema below. Slight infiltration upper third of left lung with 
signs of hypertrophy below this point. (See fig. 11 and chart 6.) 
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FIG. 4 


Fic. 1. X-RAy PRINT OF A PATIENT BEFORE A MEAL 
Diaphragmatic leaves about on the same level 
Fic. 2. X-RAY PRINT OF THE SAME PATIENT AFTER A MEAL 

Elevation of the left leaf, the result of accumulation of gas in the stomach following the meal 

and simulating a pathological displacement. 
Fic. 3. NORMAL POSITION OF THE MEDIASTINAL AND DIAPHRAGMATIC SHADOWS 
Fic. 4. SAME PATIENT 

Thorax rotated so that the right chest is in contact with the left slightly away from the 
plate at the time of X-ray exposure. In this position the inner head of the left clavicle lies 
in the lung field, the spinal shadow above curves gently to the right and the mediastinal 
shadow is projected to the left. 
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Fic. 5. SAME PATIENT 
Thorax rotated in the opposite direction with reversal of conditions observed in figure 4. Note 
particularly the change in position and outline of the mediastinal shadow. 
Fic. 6. MEDIASTINAL SHADOW IN NoRMAL PosITION 
The marked elevation of the right diaphragmatic leaf represents the essential factor in the com- 
pensatory process. During respiration its excursion about equals that of the left leaf, which 
excludes phrenic paralysis as a possible explanation for the displacement. (See case report 5985 
and chart 1.) 


Fic. 7. ExcursIoN OF Ricut LEAF DECIDEDLY LIMITED 
Compensatory demands satisfied mainly by deflection of the mediastinum to the right. 
Failure of the right leaf to actively participate in the process partly explains the extreme 
mediastinal deflection observed in this patient. Chest deformity would have been a prominent 
feature if the mediastinum had retained its central position. (See case report 5662 and chart 2.) 


Fic. 8. SLIGHT UPWARD DISPLACEMENT OF LEFT LEAF WITH CORRESPONDING DEFLECTION 
OF MEDIASTINUM TO SAME SIDE 


(See case report 5902 and chart 3) 
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Fic. 9. ExcURSION OF DIAPHRAGMATIC LEAVES EQUAL BUT LIMITED 


Mediastinum approximately in normal position. Compensation by emphysema. When this 
condition is marked, the physical signs usually are notoriously misleading. (See case report 
5190 and chart 4.) 


Fic. 10. MEpIASTINAL SHADOW SLIGHTLY TO LEFT 


Chest deformity is the prominent compensatory factor, best determined by inspection. (See 
case report 5719 and chart 5.) 


Fic. 11. NotTE CoMPARATIVE DIMINUTION IN SIZE OF RicHT LUNG FIELD 
Also elevated position of the right diaphragmatic leaf and the deflection of the mediastinal 
contents to this side. All the factors have participated about equally in the compensatory 
process. Note comparative size of lung fields. (See case report 6133 and chart 6.) 
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FURTHER STUDIES ON THE COMPLEMENT. FIXATION 
REACTION AS APPLIED TO TUBERCULOSIS! 


JOSEPH D. ARONSON anp PAUL A. LEWIS 


From the Henry Phipps Institute of the University of Pennsylvania, Philadelphia 


This paper is a continuation of a study of the subject begun by one of 
the authors (Lewis (1)) several years ago. It was then thought that 
some of the difficulties encountered in attempts to repeat observations 
reported by others might be overcome by consideration of the more 
fundamental features of the reaction. As the subject then stood, most 
workers were accustomed to ascribe their difficulties and their differences 
to the varying qualities of the antigens derived from the tubercle bacillus; 
each attributed his supposedly greater success to the virtues of his 
particular antigen. Critically examined, the literature at that time 
could hardly be said to show convincing evidence that a clearly defined, 
permanent fixation reaction could be obtained with any sera from cases 
of tuberculosis. By the methods current, only transient inhibition of 
hemolysis was secured in most instances; and it seemed likely that the 
fair agreement, which did as a matter of fact prevail among the pub- 
lished figures of the various authors, was in reality fortuitous. Our 
contribution to the subject at that time depended on an approach, 
through quantitative methods, to several of the fundamental factors 
concerned in any such reaction, with the conception that the fixation 
reaction need not necessarily develop in detail in strict accord with the 
Wassermann reaction which had been its prototype in the practical 
domain. 

We were, in fact, able to show that the antigen-antibody complex 
bound complement more slowly where tubercle reagents were con- 
cerned than in the classical case developed by Wassermann. With the 
preparations then used and the system then employed, a four-hour 
period of primary incubation was found most suitable. When this time 
was used and when, further, several different tests employing slightly 


1 Read before the Pathological Section at the annual meeting of the National 
Tuberculosis Association, New York City, June, 1921. 
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different quantities of reagent were carried out simultaneously, so that 
minor variations were revealed, it became plain that with suitable 
materials a complete and durable fixation of complement could be ob- 
tained with constancy. 

Series of tests were then carried out with human sera in an effort to 
apply the corrected method to the practical problem of diagnosis. In 
one series the complement was varied, in another the amount of 
antigen. While the individuals concerned were not the same, the 
result, by and large, was about the same. In general, about ten per 
cent of clinically nontuberculous persons gave a positive reaction, and a 
somewhat larger number of tuberculous subjects failed to react. Practi- 
cally, our results did not differ materially from those of others, even 
though we felt somewhat greater confidence in the stability of the 
method as we had employed it. 

Another step of a quantitative nature was then essayed. A number 
of the sera which reacted alike were pooled and mixed with an equal 
quantity of supposedly pure glycerine. After a number of months, 
these were found to be usable and over a period of weeks they seemed to 
be stable. These were used as the fixed point in a consideration of the 
qualities of the various antigens which had been proposed. Incidentally, 
it was also made out that an alcohol-soluble substance, having pro- 
nounced and apparently specific antigenic properties, was a common con- 
stituent of all the available antigens. 

In the meantime Petroff (2) had proposed an extract of the tubercle 
bacillus in twenty-five per cent glycerine as an improved antigen, and 
Wilson (3) had advocated the bacillary bodies remaining after moderate 
extraction with ethyl alcohol as being an improvement of similar value 
over any of the others. Wilson had also made the important observa- 
tion that the differences in the fixability of guinea pig complement, 
which Noguchi and Bronfenbrenner (4) had first called attention to in 
the case of the Wassermann reaction, were equally, if not more, impor- 
tant in the case of the fixation with tubercle materials. Our “‘standard” 
serum became exhausted and the work was set aside for the time being. 

Later, another collection of human sera was classified and glycerinated. 
These became anticomplementary and remained so. It was evident 
that this method of obtaining a stable standard serum left us at the 
mercy of chance. 

Four goats were now put in process of immunization, two with cul- 
tures of human type and two with a bovine type culture of low virulence 


1026 JOSEPH D. ARONSON AND PAUL A. LEWIS 


for guinea pigs and rabbits. One of the goats treated with the bovine 
culture never reached a fair titre and later died. ‘The serum of the 
normal goat has an anticomplementary value of about 0.01 cc. The 
goats treated with human type cultures reached a fixation titre of 0.0001 
at a maximum, but did not often reach or hold this value. It was not 
very satisfactory to work with them continuously because their fluct- 
uations so often carried them near the dangerous anticomplementary 
zone. The second goat treated with the culture designated Bovine 3 
rather quickly reached a fixation titre of 0.0005, and it proved to be 
comparatively easy to keep it fluctuating between that point and 0.0001, 
which it reached as a maximum potency. No particular system of 
immunization was followed. The first dose given was 10 mgm. of the 
living culture. At first this was repeated at long intervals (six to eight 
weeks), and afterward more frequently. For some time temperature 
observations were made following the injections, and the dose was not 
repeated until the temperature had become normal. At first the 
temperature rise was prolonged, but later it lasted but two or three days, 
and still later but a few hours. Weight was not taken, but often there 
was evidently pronounced loss of weight and activity. Injections were 
not made at these times until it seemed that the animal was well on 
the up-grade. This animal has recently died, after having been under 
treatment at irregular intervals for over three years. Death was 
apparently caused by a superimposed infection. ‘There were minimal 
evidences of chronic tuberculosis in the lungs and lymph nodes. 

The serum of this animal, designated S JV, has been used as the 
basis for the work here reported upon, except where otherwise stated. 
The serum of titre 0.001, or better, may be mixed with glycerine, equal 
parts, for preservation. The anticomplementary value will increase 
with time, but not sufficiently to render the preparation unusable. If 
the serum is measured into test tubes, 0.1 cc. in each, these may be put 
in a vacuum dessicator over sulphuric acid and quickly dried. If the 
tubes are kept in the dessicator, the strength of the serum is main- 
tained for years at least, and this makes a most satisfactory standard 
for comparison. Here the anticomplementary value does not suffi- 
ciently increase to bring it into consideration as a factor. The serum 
may be inactivated before being dried, but if it is potent this is un- 
necessary, and the serum heated before being dried redissolves with 
difficulty. 
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With this serum in hand as the basis for a further quantitative study 
we first went over certain of our earlier experiments, taking account of 
suggestions which had, in the meantime, been made by others. Wil- 
son’s observation on the variable quality of complement was con- 
firmed and the recognition of it did much toward uniformity of result. 
We found that in one series of guinea pigs, eighty-six per cent gave good 
fixation, while eleven per cent gave slight fixation or none whatever. 
There were three per cent of the animals for whose complement the 
tubercle antigen alone was inhibitory. In other words, these behaved 
as though they might be infected with tuberculosis. They were killed, 
but a careful search failed to show evidence of disease. All work done 
after this was carried out with the complement of tested guinea pigs. In 
practice it has been found that these qualities are a lasting character 
of the animal. 

Our earlier observations on the time factor in fixation had been done 
with the original Wassermann system so far as volume was concerned. 
The primary incubation was carried out in 1.5 cc., and this was in- 
creased to 3 cc. when the hemolytic reagents were added. The amount 
of blood cells was 0.5 cc. This was, of course, an expensive system as 
to reagents, and we now changed to the more modern one where the 
primary incubation is done in 1.0 cc. and the final volume about 1.2 cc., 
the amount of blood cells being 0.1 cc. of the usual 5 per cent suspension. 

Petroff (5) had, in the meantime, taken cognizance of our point with 
regard to the time to be allowed for fixation and, while he recognized 
that the earlier practice of one-half or one hour was faulty, he found 
that for the conditions he was using our recommendation of four hours 
was unnecessarily long. He now proposed two hours as an adequate 
period. We therefore reéxamined this question. We found that, in 
fact, the reaction proceeds somewhat more rapidly with the system 
when the smaller volume is used regardless of the particular reagents 
(antigen) employed. This is in accordance with expectation, the 
reagents being actually present in greater concentration. Most of 
our earlier work had been done with bacillary emulsions as antigens. 
We now found that these are essentially slower in their action than 
Petroff’s glycerine extract or than the alcoholic extract of which we 
speak at length later in this paper. Chart 1 is appended to show the 
conditions as we now understand them. 

The reaction appears to be complete with the extractive antigens in 
two hours and with bacillary emulsion it is complete in three hours. 
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Even the shorter time now found for the emulsions may not be 
entirely due to the changed conditions of concentration (volume), 
since the readings are recorded at once after the completion of a half- 
hour second incubation. It is noted that if the tubes are stood in the 
icebox over night there is considerable additional hemolysis. This 
again is an indication that the reaction was not really quite complete. 
The four-hour period was originally fixed largely because of this very 
fact, that when it was used the readings changed very little on standing. 
However, from a practical point of view, the immediate reading is the 
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one which counts, and the two-hour primary incubation gives con- 
sistent results when reading is made at this time. This is doubtless a 
final opinion in so far as the extractive antigens are concerned. If, for 
any reason, one has occasion to do serious work with the bacillary sus- 
pensions, it would probably be advisable to reéxamine the time factor 
for them. 

As had already been said, we had recognized a substance soluble in 
ethyl alcohol, as an important constituent of those antigens which we 
had tested for its presence. Wilson had proposed the use of the residue 
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remaining after the extraction of the bacillary bodies as an antigen. 
There seemed here to be the suggestion that we might have to do with a 
multiplicity of antigenic substances. We have, therefore, made some 
experiments to test this question. We placed’a considerable quantity 
of the dried bacilli in a Soxhlet apparatus and subjected it to continuous 
extraction with ethyl alcohol. The alcohol was tested frequently for 
the presence of antigen, fresh alcohol being placed in the receiving flask 
on each occasion. The extraction was carried on until the alcohol, even 
when concentrated to less than one per cent of its volume, failed to show 
the presence of antigen. The extracted residue was then found to be 
without the slightest antigenic value. There is, then, no suggestion 
here of the presence of any but the one antigen. It is possible, of 
course, that some more labile substance may have been destroyed by 
the prolonged exposure to hot alcohol, but, granted that this possibility 
is present, it will take another method to demonstrate it, for a rough 
estimate of the quantity of antigen present in the alcohol showed that 
we had recovered far more active substance than it was possible to demon- 
strate in the bacilli employed as antigen in the unextracted condition. 

Through these steps we had revised our technique, satisfied ourselves 
that the methods were adequate to give consistent results when applied 
with care, and, having a potent serum, stable and plentiful, we were able 
to proceed to the comparative study of the various questions which 
have been raised from time to time regarding the properties of the 
different antigenic preparations and the distribution of the antigenic 
principles. The results of this investigation are the chief subject of this 
paper. 

The following method was uniformly used in determining the antigenic 
values: To 25 units of the immune serum there were added 2 units of 
guinea pig complement and varying amounts of the antigen under 
consideration. Normal salt solution was added to bring the total volume 
to 1.0 cc. After two hours’ incubation in the water bath at 37.5°C., 
4 units of antisheep amboceptor? and 0.1 cc. of 5 per cent sheep cor- 
puscles were added. Each tube was then separately shaken and the 
tubes were returned to the bath for thirty minutes. The results were 


2 It will be noted that the hemolytic system contains an excess of amboceptor. 
In our earlier work a still greater excess (10 units) was used. This use of an excess of 
amboceptor is a fundamental feature of our experimental method. Itis based onthe 
conception that the union of antigen with antibody is slow in the case of tuberculosis 
and that it is in all probability more apt to be involved with various nonspecific 
factors than in the case of the lipoidal reaction with syphilitic materials. The 
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read immediately after removal. The least amount of antigen giving 
complete inhibition was taken as the criterion of activity. This amount 
(determined in the presence of an excess of the immune serum) we have 
called, for convenience, one antigenic unit. 

It is conceivable that the units of antigens of different origin might not 
be truly equivalent. This would almost certainly be the case were the 
antigenic qualities of the various preparations due to different sub- 
stances. This question has been tested by using 2 units each of the 
antigens as the basis for testing the titre of the immune serum. The 
serum was found to have the same value whichever antigen was used, 
provided the unit strength of the latter was respected, and provided the 
antigen originated from either human or bovine type of tubercle bacillus. 

Tuberculin. A number of preparations of tuberculin were tested for 
their antigenic properties. Only the occasional one can be shown directly 
to possess any. This is because their anticomplementary value is 
usually very high. The additional point now made is that the result is 
not different when a serum of high potency is used from that obtained 
with the relatively weak human sera previously employed. It is to be 
presumed, from the fact that the active principle in tuberculin is precipi- 
tated by ethyl alcohol of any strength above 60 per cent, as was shown 
by Koch, and that the antigen we demonstrate with the fixation reac- 
tion is soluble in absolute alcohol, that the two substances are different. 
We have reinforced this presumption by giving intravenous injections 
of the alcoholic antigen in considerable quantity to goats in process of 
immunization. We have never been able to produce a rise of temperature 
although the animals were very sensitive. 

Bacillary emulsion. When emulsions or suspensions of the tubercle 
bacillus are prepared with moderate attention to securing uniform con- 
tent of the bacterial substance, they give indistinguishable results as 
antigens. This applies to the human and bovine types without regard 
to their period of isolation (whether recent or old) or to their virulence. 
For the bovine and human types the antigenic unit is about 0.1 mgm. 
The avian tubercle bacillus, on the contrary, is distinctly weaker than 


amboceptor excess is presumed to disassociate these nonspecific factors and all 
except the most firmly bound portions of the complement attached to the specific 
complex, leaving in evidence only the fully completed portion of the specific reaction. 
Failure to recognize this technical feature (leaving the theoretical considerations 
quite aside) may easily account for the fact that some have had difficulty with crossed 
reactions when “Wassermann positive” sera were used with alcoholic extracts of 
the tubercle bacillus as antigens. 


COMPLEMENT FIXATION IN TUBERCULOSIS 1031 


this; weaker also is a culture derived from a case treated a number of 
years ago with Friedmann’s preparation (for this culture we are indebted 
to Dr. E. R. Baldwin of Saranac Lake). A culture, unpigmented, for 
which we are indebted to Dr. Duval and considered by him to have 
etiological significance in leprosy, also gives a low fixation value with 
this serum, as does a transplant of Kedrowsky’s Lepra culture, likewise 
given us by Dr. Duval. The socalled “yellow lepra” bacillus of Clegg 
and Duval gives no fixation whatever, nor do any of the other sapro- 
phytic acid-fast cultures which we have been able to study. 

There is a suggestion here that the subject of specificity in this bac- 
terial group may yet be approached with profit by serological methods. 

Extracts of the tubercle bacillus. A fairly satisfactory antigen can be 
prepared by boiling a suspension of the tubercle bacillus in normal salt 
solution for fifteen minutes. Boiling for a shorter time, or heating for 
an hour to 50°, 60°, or 70°C. did not yield so potent an extract. Except 
to recognize the possibility of making a preparation in this way, which 
would give the same serum titre as other antigens, we have made no 
use of the method. 

The glycerine extract of Petroff is one of the easiest preparations to 
make and to manipulate. Moulds may grow in it if it is not cared for, 
but this is its only drawback. The preparation by the method originally 
described was unnecessarily complicated. It is not, in fact, essential 
to spend any time in grinding the bacilli. If they are roughly emulsified 
in the glycerine water by a few minutes’ trituration in a mortar, the 
boiled preparation, centrifugated toremove the larger particles, will be no 
less potent than the original, according to our experience. 

The ethyl alcohol extract, to which we have referred in an earlier 
paragraph, requires but little further comment. The antigen is cer- 
tainly by no means in a pure state in the alcohol. The first few hours’ 
extraction, for example, brings out a substance which is strongly hemo- 
lytic. This hemolysin is not neutralized by the immune serum with which 
we have been dealing. Its real nature is unknown to us, and its only 
present interest is an indication that the alcohol doubtless extracts many 
substances other than the fixation antigen. The latter, it should be 
noted, is much more soluble in hot than in cold alcohol. It is also more 
soluble in hot alcohol than are other substances which are carried into 
the extract. When the extraction has proceeded for some time, the 
receiving flask accumulates a precipitate in increasing amount. This 
it is well to filter off at some convenient time, being careful to filter the 
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fluid hot. Then, when the filtrate cools, another flocculent precipitate 
will form. If this is also filtered off, much of the antigen will be re- 
moved with it. This flocculent matter redissolves immediately on 
bringing the fluid in which it is suspended to the boiling point. In 
practice, when the antigen is to be used, the stock flask is heated to 
boiling, and before it has had a chance to cool the required amount is 
removed and at once mixed with the required amount of salt solution in 
a test tube or small flask. The amount and the final dilution are 
naturally to be determined by experience, but once known they can be 
adhered to. Our usual preparations have been used in a dilution of 
0.4 cc. of the alcoholic solution to 10.0 cc. of salt solution. The result- 
ing fluid is at first very slightly opalescent. Over a period of hours this 
deepens to a cloudiness, followed by turbidity and finally by a definite 
precipitation. The antigenic value is maintained unchanged for hours, 
but disappears by the time the precipitate is formed. We have been 
content to work with suspensions within a few hours of the time they 
were made up, without following the fate of the antigen through the 
phases of its disappearance. 

Further attempts to purify this antigen, fractionating it with ether 
and with acetone, have given somewhat conflicting results and have 
led to no improvement. 

A preliminary study has been made of the comparative extractive 
potentiality for this antigen of a number of lipoidal solvents. The 
extraction was done in the Soxhlet apparatus and was continued for two 
days. At the end of this time the residue and the extract were tested 
for their content in antigen. The extract was dried at low temperature 
with a fan and redissolved in alcohol, as a preparation for the test. 
The bacillary residue was suspended in salt solution and tested in com- 
parison with a suspension of similar weight made with unextracted 
bacillary bodies. The ligroin, toluene, and carbon disulphide extracts 
contained minimal quantities of the antigen; the ether and xylene con- 
tained slightly more; the carbon tetrachloride, chloroform, acetone, 
benzol, normal butyl alcohol and ethyl alcohol were all equally strong. 
The residue had been most weakened by carbon tetrachloride and least 
by chloroform, among those solvents which had extracted considerable 
quantities of the antigen. The extraction was evidently too short to lend 
particular significance to the result. Considering the fact above cited, 
that boiling normal salt solution extracts more than merely demon- 
strable quantities of the substance and the wide range of the organic 
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solvents which are more or less effective as extractives, it is evident that 
any thought of characterizing this antigen on the basis of its solubility 
relationships must be set aside until a more exhaustive study of the 
subject has been made. 

' Body fluid and tissues of tuberculous animals. It has frequently been — 
maintained by others that tubercle antigens could be demonstrated in 
the tissues and body fluids of infected human beings or animals. We 
have not studied this question exhaustively. We have, however, tried 
to see whether, with the use of a potent serum for the test, the alcohol 
solubility of the antigen might make possible an easy demonstration. 
The attempt was a complete failure. The alcoholic extract of tubercu- 
lous guinea pig spleen is hemolytic; that of the liver is strongly anti- 
complementary. It may be that these conditions mask the antigen, 
but in any event we did not succeed in demonstrating the latter. Simi- 
larly, we failed to show the presence of any antigenic substance in the 
alcoholic extract of the dried blood serum or the dried urine of patients 
with advanced tuberculosis. Separating the acetone-insoluble fraction 
of the alcoholic extract did not lead to any better result. The milk of a 
ewe under immunization, receiving large quantities of tubercle bacilli 


intravenously during the period examined, failed to show the antigen. 
The milk did contain the complement-fixing antibody. 

Clinical application. We have made a study of the alcoholic antigen as 
compared with a suspension of the living human type tubercle bacillus 


and Besredka’s antigen, using a series of human sera. The result 
appears in the following table. Allowing for the fact that the bacillary 
suspensions would be a little low because of the two rather than the 
three or four-hour primary fixation period, it seems clear that there are 
no great differences between the antigens. 


ALCOHOLIC EXTRACT BESREDKA’S ANTIGEN BACILLARY EMULSION 


Number 


Per cent 


Number 


Per cent 


Number 


Per cent 


46 
119 


27.8 
72.2 


48 
117 


29.1 
70.9 


38 
127 


23.1 
76.9 


165 


165 165 


In a less systematic way, Petroff’s glycerine extract antigen has 
frequently been compared with the alcoholic extract and has always 
given about the same result. 
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DISCUSSION AND SUMMARY 


Our study as here reported seems to justify the conclusion that in the 
recent past those who have worked with complement fixation in tuber- 
culosis have given undue weight to the antigen and have paid too little 
attention to other fundamental factors concerned in the reaction. 

We find no evidence of more than one antigenic substance, and this 
is found in acceptable form in several preparations. Petroff’s glycerine 
extract, Besredka’s antigen, the alcoholic extract of the tubercle bacillus 
used by Craig, the simple suspension of the living tubercle bacillus and 
doubtless the “autolysate” of Corper are of essentially equal worth. 
The alcoholic extract and the glycerine extract are the easiest to prepare 
and keep, the alcoholic extract being superior in the latter respect. 

The most important feature of the reaction is that the time of primary 
incubation is longer than in the classical Wassermann reaction (two to 
four hours, as against one-half hour). The longer time is necessary to 
secure comparable results with the bacillary suspension which becomes 
less practical on this account, as well as by reason of its limited keeping 
qualities. 

While the evidence is not presented here, our experience has con- 
tinued to show that the application of the reaction in practice is limited 
by the fact that about ten per cent of the clinically normal persons give a 
positive reaction. This is not materially different with any antigen. 

We have been fortunate in developing an immune goat serum with 
high potency in the fixation reaction, and with this as a starting point,—a 
tentative standard,—have assured ourselves that under suitable condi- 
tions the reaction is a constant and reliable one. 

We have failed to demonstrate antigenic substances in the body fluids 
and tissues of tuberculous animals by extraction with alcohol. 
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RESISTANCE TO EXPERIMENTAL PERITONEAL TUBER- 
CULOSIS FOLLOWING OIL INJECTIONS 


WILLIAM F. PETERSEN anp S. A. LEVINSON 


From the Department of Pathology and the Laboratory of Physiological Chemistry of the University 
of Illinois College of Medicine and the Laboratory of the Municipal Tuberculosis 
Sanitarium, Chicago 


It is an old empirical observation that oils and fats may favorably 
influence a tuberculous process, but only in recent times have efforts 
been made to establish some scientific basis for this occasional therapeu- 
tic benefit. These efforts have taken several directions. Weigert 
studied the effect of high fat feeding on the tuberculosis of pigs; McCann 
directs attention to the fact that fat feeding offers the greatest caloric 
value with least pulmonary effort; other observers consider thé effect 
of fat feeding on the production of lipases (Metalnikoff) or on the lym- 
phocytes (Bergel); still others emphasize the vitamine content or the 
influence of the fats on the calcium metabolism; Fontes studied the 
direct bactericidal effect of oils on tubercle bacilli. It is however not 
essential for the purpose of this note to discuss these and related papers 
in detail. 


EXPERIMENTAL 


In the experiments here reported we studied the direct effects of in- 
traperitoneal oil injections on experimentally produced peritoneal tuber- 
culosis (human and bovine) in rabbits. 

Ten milligrams, moist weight, of human (strain C) tubercle bacilli 
were carefully emulsified in 10 cc. of salt solution and slowly turned in a 
small ball-mill for two hours. Of this suspension 1 cc. was injected in- 
traperitoneally into 6 rabbits on July 27, 1921. Two rabbits were each 
injected with 20 cc. of sterile sperm oil (rabbits 31 and 34) on August 
2, and 2 with sterile peanut oil on the same date. Two rabbits were 
kept as controls. The animals were killed four weeks after inoculation. 

Examination: 

Controls: Peritoneal surface studded with small tubercles throughout. 
Macroscopic tubercles in lung, liver and spleen; none in the kidney. 
Microscopic examination made to confirm gross findings. 
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Sperm otl rabbits: No gross evidences of tuberculosis on peritoneal 
surfaces. No adhesions; no free oil. A perisplenic exudate is present. 
Microscopic: One animal free from tubercles; in the other tubercles 
are found in the spleen, lung and liver. 

Peanut oil rabbits: Rabbit 35: No macroscopic tubercles in the 
peritoneum. Free oil present in the cavity in the form of a creamy 
emulsion. Microscopic: Miliary tubercles in the lung, kidney and spleen; 
the peritoneum is quite free. Rabbit 36: A few isolated tubercles 
are observed on the peritoneal surfaces, but very few in contrast with 
the control animals. A creamy emulsion of fat is present as in the 
previous animal. Microscopic: Small caseous tubercles in the lungs; 
small round-cell infiltrations in the liver; the spleen is normal; minute 
tubercles in the peritoneum. 

The rather marked differences in the development of the peritoneal 
tuberculosis of these animals is shown in the accompanying figures. 

In the following experiment the oil injections were not made until 
eleven days after the inoculation of the animals. Dosage and strain 
of bacilli were the same: 

Inoculation: September 13, 1921. Oil injections September 24 and 
October 10, 1921. Killed October 24. 

Control 1: Minute tubercles-over peritoneum of small bowel, spleen 
and liver. The diaphragm studded. Lungs negative. 

Control 2: The same as control 1. 

Sperm oi: 1: Peritoneal surface studded, especially over intestine 
and kidney. 

Sperm ol 2: Died October 10 from pneumonia. Peritoneum free 
from tubercles. 

Peanut oil 1: Occasional small tubercle on peritoneal surface; none 
over kidney or liver; diaphragm and lungs negative. 

Peanut oil 2: Small isolated tubercles over kidney and liver surfacé; 
a few on the diaphragm and in the lungs. 

Petrolatum 1: Died October 14 from pneumonia. No gross evidence 
of tuberculosis in body. 

Petrolatum 2: A few minute tubercles scattered over the peritoneum 
of large intestine, none elsewhere in body. 

Liquid petrolatum plus 1 per cent turpentine: No tubercles observed 
in body. 

In this experiment the oils were not injected until a considerable time 
had elapsed after the inoculation of the tubercle bacilli and the differences 
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between the control animals and the animals treated with oils were much 
less apparent. The fact that the liquid petrolatum was as effective as 
the vegetable or animal oil might indicate that the effect was due to 
the oil merely as a foreign body that set up a mild peritoneal irritation. 

In three series of rabbits (10 each), inoculated with a bovine strain, 
we were unable to demonstrate any influence of the oils on the develop- 
ment of the infection, whether the oils were given soon after the inocu- 
lation (two days) or after a longer period (ten days) or when repeated 
injections of oil were made (five injections at one week intervals). The 
effect of intraperitoneal injections of oils in guinea pigs on the course of 
the infection (using 5 different strains) was also negative. 


SUMMARY 


The intraperitoneal injection of oils (sperm oil, peanut oil, liquid 
petrolatum) in rabbits, following an intraperitoneal inoculation of 
human tubercle bacilli, occasionally prevents the development of local 
tubercles in the peritoneum but does not alter the development or course 
of the tuberculosis in other organs. When bovine strains were used 
this effect was not apparent. Inasmuch as liquid petrolatum seems as 


effective as the animal or vegetable oils used the effect is probably due 
to the mild peritoneal irritation brought about by the oils which can be 
demonstrated by histological examination. In view of the fact that 
olive oil has been observed to influence the implantation and develop- 
ment of cancer transplants (Nakahara) it is probable that the mechanism 
involved in this increased resistance is similar in both tuberculosis and 
cancer. 
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THE PRESERVATION OF CULTURES OF HUMAN AND 
BOVINE TUBERCLE BACILLI 


H. J. CORPER anp HARRY GAUSS 


Research Depariment, National Jewish Hospital for Consumptives, Denver, Colorado 


In the handling of large numbers of different cultures of tubercle 
bacilli for the purpose of continuing individual strains, it is important 
that the cultures be transplanted at a time when they are still viable, 
and that, when once fully grown, they are kept under conditions favor- 
able to preserving their viability for the longest possible period. These 
points are important, also, when it is considered that the average labora- 
tory, if it carries along one or two strains of tubercle bacilli and uses 
these indefinitely, feels that its studies and conclusions drawn therefrom 
regarding the chemistry and biology of the tubercle bacillus are ample 
and applicable to all strains. This may, however, be far from the case 
and subsequent study may eventually reveal many individual types, 
as has been found in the case of pneumococci, within the larger groups 
of human, bovine and avian bacilli, not to mention those of lesser im- 
portance. Even a few strains, carried for a long time in the in- 
cubator, can occupy valuable space and thus tend to discourage 
growing more than a few necessary cultures, so that any method of 
preservation, once the culture has attained full growth, which will 
replace the incubator, will not only serve to conserve this valuable space 
but will also make it possible to continue many more different strains 
for biological and chemical studies. 

Little need be said regarding the incubator itself, since it is common 
knowledge that no lights of any kind should be permitted in this cham- 
ber during the cultivation of tubercle bacilli, and that the optimum 
temperature for human and bovine bacilli of about 37.5°C. should be 
maintained at all times. There should also be sufficient humidity to 
prevent rapid drying of the cultures, which usually require from four to 
eight weeks to attain a good and probably maximum growth. The 
latter, however, varies to a great extent for the individual strains grown 
upon artificial media (1). 
3 1040 
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It is to be noted also that the tubercle bacillus grows readily within 
wide ranges of acidity of the medium. Long and Major (2) found no 
apparent inhibition in the growth of tubercle bacilli in a medium having 
a pH of from 5.4 to 7.8, while Brooks (3) found that changes from pH 
4.4 to 7.4 produced no change in the rate of production of carbon dioxide 
by the tubercle bacillus. Below 30°C. human or bovine tubercle bacilli 
cease to grow, but they may remain viable for long periods under proper 
conditions. 

There are two other facts which merit mention, as has been pointed 
out by Theobald Smith (4). One is that a culture may still contain 
sufficient viable bacilli to infect a highly susceptible animal like the 
guinea pig, when injected in large amounts, after nineteen months and 
still will not grow on artificial media. Smith also aptly reiterated another 
well-known fact, that even relatively young cultures on glycerol-bouillon 
fail to grow when transferred to glycerol-agar. The larger the mass of 
bacilli transferred, the greater the chance for successful subcultures, 
very fine suspensions failing to grow. In summarizing the data which 
were collected from material used for studies in immunity and were, 
therefore, not systematically performed, Smith called attention to a 
somewhat different behavior of the bovine and human strains used. 
In only one of the tests with the bovine bacillus did two of the subcul- 
tures fail to develop, while the human subcultures failed in all cases. 
This he attributed in part to the high acid reaction of the culture fluid 
at the end as compared with that of the bovine cultures. 

In considering the possible causes for the failure of living bacilli to 
multiply in subcultures Smith made the following suggestions: 1. The 
change from glycerol-bouillon to glycerol-agar. 2. A partial injury 
of bacilli on artificial media, so that the nutritive fluids of the guinea 
pig are required to bring the bacilli back to a normal condition. 3. 
The development of spores which cannot germinate on artificial media. 
4. The production of a capsule which requires the action of animal 
tissues for its removal. The first explanation is hardly tenable. The 
second cannot be gainsaid, although it is somewhat contrary to current 
views. The third and fourth possibilities are much alike. Smith 
favored the fourth interpretation, since he had frequently seen what 
appeared to be capsules around tubercle bacilli under cultivation. Cer- 
tain bacilli in culture media may be conceived as dying slowly, and 
another smaller group as ceasing to multiply and protecting themselves 
by some form of capsule against the increasing acidity and other un- 
known factors in the culture fluid. 
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In summarizing, Smith states that “tubercle bacilli of both human 
and bovine type, when kept in fully developed cultures at 40° to 50° 
F,, may remain infectious to guinea pigs for from seven to nineteen 
months. The number of bacilli surviving in such cultures is relatively 
small.” 

Kitasato (5), in cultivating tubercle bacilli from sputum, observed 
that sputum or cavity material, though containing many tubercle bacilli 
which stained well, failed to grow. He believed such bacilli to be dead, 
and concluded that the majority of bacilli in sputum or other material 
from the lungs are dead and that this death cannot be recognized mi- 
croscopically. Several guinea pigs inoculated with material which 
failed to grow were well when killed two months later. Hesse (6) was 
able to grow bacilli on Heyden’s medium from all microscopically 
positive sputa and claimed that there were no dead bacilli in the spu- 
tum. Petroff (7) also claims very high percentages from microscopically 
positive sputa by a new method devised by him; but Corper, Fiala and 
Kallen (8) obtained only 27.3 per cent positive cultures by his method. 
However, such claims regarding the viability of tubercle bacilli in the 
sputum, in view of the difficulty in growing the bacilli on artificial 
media, cannot be taken seriously, any more than can the claims that 
all microscopically positive sputa will give positive cultures; and the 
solution of this problem awaits more delicate and accurate methods 
which will differentiate live from dead bacilli. 

The purpose of the present study was to determine the most suitable 
mode of preserving, over long periods, fully grown cultures of human 
and bovine tubercle bacilli, with the least detriment to their viability 
and capability of reproduction after transfer to suitable media. All 
attempts to preserve absolutely the virulence of tubercle bacilli on 
artificial media have proved futile; and in most instances the loss of 
virulence during artificial cultivation with the average culture of human 
or bovine tubercle bacilli is a matter of years, and depends also upon 
variations of the individual strain of bacilli. Some strains have been 
carried many years on artificial media without appreciable loss of viru- 
lence for guinea pigs, while others under apparently identical conditions 
and carried on the same medium will become avirulent within a few 
years. Thus far there is no authentic record of a strain of tubercle 
bacilli having been carried on artificial media sufficiently long to lose 
its virulence for experimental animals and having it restored again by 
animal passage. Since the absence of light is so essential to the good 
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preservation of tubercle bacilli (9) and low temperatures unless extreme 
(far below freezing) have very little effect upon the bacilli, it seemed 
that the two most suitable and available light-proof containers are the 
incubator and the icebox used in modern laboratories. 

In order to have representative members of the human and bovine 
types of tubercle bacilli, we studied the viability of the following four 
strains of bacilli: (1) ‘‘human avirulent,” a laboratory strain of about 
ten years’ artificial cultivation; (2) ‘“‘human virulent 2463,” a virulent 
strain of human bacilli isolated from sputum about two years ago; 
(3) “bovine avirulent,” a bovine strain of low virulence for rabbits 
isolated about seven years ago; and (4) “bovine virulent,’”’a bovine 
strain highly virulent for rabbits isolated about one year ago. All had 
attained a good growth on glycerol-agar and Petroff’s gentian violet- 
egg medium by sixty days incubation at 37.5°C. Fifty culture tubes, 
with abundance of bacilli of each strain practically covering the entire 
slant, were thus obtained; and one-half of them were kept in the incuba- 
tor and the other half placed in the icebox, where they remained through- 
out the experiment. One tube from each set, and representing each 
strain of bacilli, was removed every two months and transplanted on 
new culture medium, the subculture being incubated for two months 
and then read. All subcultures were seeded heavily to obviate the 
possibility of failing to obtain growth, provided sufficient bacilli capable 
of growing on artificial media were still present. The results of this 
study are given in table 1. 

The conclusions to be drawn from these studies are that whether kept 
in the icebox or incubator, on Petroff’s medium or glycerol-agar, it 
seems desirable to make transplants from full-grown cultures of human 
tubercle bacilli at intervals of four months and of bovine bacilli at eight 
months. This agrees with Smith’s findings that the bovine strain is 
more resistant than the human. Icebox preservation possesses the 
advantage over the incubator in that the media do not dry out as rapidly, 
—drying of the medium and bacilli going hand in hand with rapid loss 
of viability. The maximum time of preservation of any culture studied 
was sixteen months on Petrofi’s medium in the incubator for “bovine 
virulent;” the more vigorous growers seem to remain viable longer 
than the less vigorous. 

SUMMARY 


Fully grown cultures of human tubercle bacilli may remain viable on 
Petroff’s gentian violet medium or five per cent glycerol-agar, whether 
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kept in the icebox or in the incubator, for from about four to eight months, 
so that successful transplants can be obtained on these media up to 
this time. Bovine tubercle bacilli are more resistant on these media 
and may remain viable (in the sense of furnishing subcultures) for from 
about eight to sixteen months (the latter in exceptional cases). Drying’ 
of the medium tends to shorten the period of viability, and the more 
vigorous and profuse growers seem to give successful transplants after 
longer intervals than the less vigorous. 
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PERIODIC VARIATIONS IN BASAL METABOLISM RATE 
IN TUBERCULOUS WOMEN’ 


PHILIP H. PIERSON 


San Francisco, California 


The method for estimating the basal metabolic rate is so sensitive 
that slight variations in nervous stimulation, either for a short or longer 
period, are considerably magnified in the calculated findings. That 
this laboratory aid is a help up to a certain point in determining dys- 
function of the thyroid, I think most will agree. A great mass of 
material has been accumulated from a wide range of persons, to establish 
normal standards for men, women and children at different ages, but 
a relatively small amount of work has been done on the daily variations 
of single individuals. To establish normals, this latter task seems very 
necessary, for trained subjects give uniformly more accurate results than 
single tests on many individuals, because of the unnatural environment 
which such a test imposes. _ 

The object of this investigation was to determine whether there 
were variations in the basal metabolism of tuberculous women, when 
several estimations were performed on the same individual and, if 
so, whether such variations bore any relation to the menstrual cycle or 
were associated with any change in the patient’s resistance to disease. 

Turning first to the work that has been done on normal women, we 
find a difference of opinion. Blunt and Dye (1) studied 14 normal 
women and found that in only six was the average basal metabolism 
more than three per cent different in the menstrual and intermenstrual 
periods. On the average it was 1.6 per cent lower at the menstrual 
than during the intermenstrual time. The variations noted seemed to 
be no greater than those which might occur as the result of other 
causes. This same opinion had been expressed by Zuntz, who in 1906 
studied the metabolism of two women for ninety-seven days, and by 
Gephart and DuBois who in 1916 also studied two cases. On the other 
hand Ford (2), in collaboration with Snell and Rowntree in 1920, felt 


1 Read before the California State Medical Society, Yosemite, California, May 17, 
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that the effect of menstruation on basal metabolism was a factor usually 
neglected and perhaps of some practical importance. She studied 10 
cases, and of these 2 showed practically constant elevations, and 6 
constant elevations varying from 4 to 14 per cent, the average being 10 
per cent. The height of this curve was during or just before menstrua- 
tion. In two a drop was noted at this time. Values outside the 10 
per cent plus or minus normal limits were infrequent. Rowe and 
Eakin (3) studied seven normal women, one of whom was pregnant, 
and found a variation in the basal metabolic rate, which was highest 
in the premenstrual period and lowest during or just after menstruation. 
Their average variation was 16 per cent. 

Several investigators have studied basal metabolism in tuberculous 
cases, not with any idea of a serial study on the same case, and have 
found the following: Kocher (4) studied 15 cases of afebrile pulmonary 
tuberculosis, 8 of whom showed active lesions, with the idea of deter- 
mining more logical diets for these cases: he concluded that the metabo- 
lism was basal, within a few per cent above to a few per cent below 
the average normal. E. Griafe (5) found an increase in basal metabolic 
rate of 20 to 36 per cent in 7 out of 10 afebrile, grave, active tuberculous 
cases. McCann and Barr (6) studied 15 patients in all stages of the 
disease, and found that the basal metabolic rate was normal or very 
slightly above that of normal men of the same size and age. 

In 23 incipient cases of pulmonary tuberculosis McBrayer, (7) found 
the basal metabolic rate increased in 61 per cent, normal in 35 per cent and 
reduced in 4 per cent. Of 17 moderately advanced and 4 far advanced 
cases taken together, he found 57 per cent with increased basal metabo- 
lism, 38 per cent normal and 5 per cent decreased. 

The work which I have been doing with the help of Dr. Frank Yocum 
covered 5 afebrile tuberculous patients and 1 nontuberculous chronic 
bronchitis patient whose condition was always worse at the time of 
her menstrual period. There have been 44 estimations covering thirteen 
periods, and the patients with tuberculosis have represented the 
disease in all stages. All patients were examined in the postabsorptive 
condition, twelve hours after eating and following at least a thirty minute 
rest period. The instrument used was the Sanborn-Benedict metabo- 
lism apparatus and the tables those compiled by DuBois. The days 
on which we endeavored to obtain estimations were the day before 
menstruation, two days after it was established, four days after its 
completion and in the middle of the month. 
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CHART 7 


The black block in each chart represents the menstrual period 


CuartT 1. Miss M.; age 32; weight 54.5 to 57.7 kilos; height 161 cm.; stage II. 

CHART 2. Miss B.; age 26; weight 53.1 kilos; height 157 cm.; stage I. 

CuarT 3. Miss D.; age 18; weight 43.6 kilos; height 162 cm.; stage III. 

CuarT 4. Mrs. R.; age 29; weight 55 kilos; height 164 cm.; stage III. 

CHartT 5. Mrs. P.; age 37; weight 57 kilos; height 152 cm.; stage II. 

CHART 6. Miss B.; nontuberculous bronchitis; age 31; weight 56 kilos; height 
155 cm. The horizontal black line in the upper right corner represents the time 
during which the patient received adreno-ovarian extract. 

Cuart 7. Superimposed curves of five cases studied by means of the pulse rate- 
pulse pressure formula. 
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The charts show graphically our results and there seems little doubt 
that there is a variation in the basal metabolic rate during the menstrual 
cycle. In practically all these patients there was a consistent post- 
menstrual fall in rate and in most of them there was a menstrual or 
premenstrual peak in the curve. The criticism has been made that 
the intervals were too long between estimations and that there might 
be other variations which these curves did not show. It being impossible 
for us to make observations as often as every other day, we resorted to 
a formula devised by Dr. J. M. Read (11), utilizing pulse rate, pulse 
pressure and a constant, namely, 0.009 (P. P. X P. R.) — 22.3. This 
formula, in over 60 per cent of his cases, came within 10 per cent of that 
found with the Sanborn-Benedict apparatus, and so it was deemed 
satisfactory to get a rough estimate in several cases. We took 5 cases 
of pulmonary tuberculosis and obtained pulse and blood pressure 
readings almost every other morning in the postabsorptive condition, 
and these results are plotted in chart 7. From these curves it will 
be seen that there is a post-menstrual fall followed in twelve to fourteen 
days by a similar rise and fall. The significance of this I am not pre- 
pared to state, but it was present in each of the 5 cases. No one can 
expect several curves to superimpose exactly, but if a large number of 
similar experiments can be performed the true significance of this 
intermenstrual rise may ‘be determined. 

As early as 1876 Dr. Mary Jacobi determined that the life processes 
in women follow a rhythmical wave-like movement. Observations on 
pulse, temperature, blood pressure and muscular strength have been 
verified by Ott, Bossi, Mendel and Biirger; and indicate that the highest 
point in all these processes is reached about the second or third day 
before the onset of menstruation and that they sink to the lowest point 
at its close, gradually rising to normal during the intermenstrual in- 
terval. Von Schréder’s metabolism experiments showed a retention 
of nitrogen immediately before and during menstruation. The work 
of Hauser and others has shown that there is a temperature curve with 
points of similarity in a man, a girl before puberty, a woman after 
the menopause, and a woman whose ovaries had been removed. Respira- 
tion and pulse rate curves also follow that of the temperature, but to a 
less degree. Jacobi found a minimal blood pressure one to four days 
after the cessation of the menstrual flow and a gradual return to normal 
seven to eight days before the onset of the next period. Stevenson 
found a higher blood pressure six to seven days before onset of menstrua- 
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tion than on the day or two preceding it. Giles’s records, covering 9 
menstrual phases, show the highest readings on the first two days of 
menstruation and the day preceding, and that blood pressure was lower 
during the remainder of the epoch, rising again after the cessation of the 
flow. Mendel and Biirger studied two normal women, and found an 
average normal blood pressure of 110 to 120, rising to 150 immediately 
before the beginning of menstruation and falling to 90 at the onset. 
In cases in which the uterus was removed the same curve was maintained 
while if the ovaries too were excised the curve disappeared. The work 
of Bogdanovics corroborates this. King’s experiments (8) agreed as 
to temperature and pulse, but he did not find the same curve of blood 
pressure. 

It would seem then that there is evidence of a cycle in normal women, 
involving temperature, pulse, blood pressure and basal metabolism, 
which reaches its height just before menstruation and falls either during 
or following menstruation and rises again to normal during the inter- 
menstrual period. 

A premenstrual rise in temperature occurs in very many tuberculous 
women even after their disease seems quiescent. The most common 
period for hemoptysis, generally small but sometimes large, is also 
at about the menstrual time. Many patients have more pulmonary 
symptoms at this time and it is not uncommon to find more signs of 
moisture in the lungs then than during the interval. I have a patient 
whose only symptom of her healed tuberculosis of twenty years standing 
has long been a genuine night sweat the night before menstruation 
begins. Another tuberculous woman’s first symptom of pregnancy is 
asthma, which persists with great and increasing discomfort only while 
pregnant. The patient whose chart is here shown (chart 6) has had a 
nontuberculous bronchitis for as many years as she can remember and 
it is always worse during her menses. It is not unusual for asthmatics 
to have their only discomfort at the menstrual time. 

These facts point very directly to the inference that at the menstrual 
time there is some change in the body metabolism which favors slight 
exacerbations of tuberculosis or other infections. Couland (9) has 
presented evidence showing that at the menstrual period, the menopause 
and childbirth there is lessened resistance to tuberculosis and these 
same periods are coincident with extra activity of the thyroid. The 
response to his skin tuberculin tests was less pronounced during these 
periods, the individual being in a state of at least partial anergy. Webb, 
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Gilbert and Ryder’s (10) experimental work with guinea pigs showed 
that the thyroid tends to hypertrophy, as does also the adrenal 
tissue in tuberculous infection; and they further conclude that this 
enlargement is probably in response to a demand for increased function. 
Turban, Stanton, Strouse and others have noticed clinically that 
enlargement of the thyroid is a very common accompaniment of early 
tuberculosis. 

It is generally believed that changes in the basal metabolic rate are 
due largely to changes in the functioning of the thyroid, and the work 
done with these tuberculous women is added proof that at the menstrual 
time there is more thyroid activity. Much work has still to be done 
on the thyroid and its relation to immunity in tuberculosis, but evidence 
is accumulating which points to some definite relationship. Possibly 
we should not say the thyroid alone, but some imbalance of the endocrine 
glands, which is more easily measured by its effect on the thyroid. 


CONCLUSIONS 


There seems to be a menstrual or premenstrual rise in the basal 
metabolic rate in tuberculous women, followed by a fall in the post- 
menstrual period, in the few cases here studied. 

This variation may explain some of the difference in opinion as to 
the basal metabolic rate in tuberculosis and should be taken into account, 
when figures are presented regarding this laboratory aid. 

There is added evidence that the thyroid or several endocrine glands 
are involved in the ability of an individual, or a family, to resist 


tuberculosis. 
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Karl bon Ruck 
1849-1922 


Karl von Ruck died November 5, 1922. His sanatorium at Asheville 
bears eloquent testimony to his talents for business and administration. 
His views on immunization and his translation of them into practice 
in the treatment and prevention of tuberculosis have for years had the 
prominence which a remarkably vigorous mind and personality gave 
them. He fought for them with the intensity and tenacity of consuming 
faith. Whatever he put forward roused up controversy; and it is only 
fair to insist that he consistently failed to make converts of the rank 
and file of workers in tuberculosis, whose sincerity, openmindedness 
and knowledge of their subject are likewise beyond question. We 
welcome the privilege to print the following sympathetic account of 
von Ruck and his work from the pen of Dr. H. J. Achard of Chicago. 


Karl von Ruck was born in Constantinople, July 10, 1849. While 
Who’s Who gives his birthplace as Stuttgart, Germany, von Ruck 
himself informed the writer that he was born in Constantinople where 
his father was, at that time, stationed in the diplomatic service. It 
was the expressed desire of his family that he should enter the diplomatic 
service in accordance with the family traditions. In spite of much al 
opposition, however, he insisted on studying medicine and received his "i 
degree of Doctor of Medicine at the University of Tiibingen, in 1877. “i 
Soon afterward, he went to England and from there to the United States, a 
where he did some additional work at the University of Michigan, ‘ 
graduating with the degree of M.D., in 1879. Some years later, von 
Ruck did postgraduate work in Berlin with Virchow and with Robert 4 
Koch, and was present at the memorable meeting of the Berlin Physio- 4 
logical Society, March 24, 1882, when Koch announced the discovery sf 
of the tubercle bacillus. a 
After some years of practice in Ohio, von Ruck settled in Asheville, 
North Carolina, where he founded the Winyah Sanatorium in 1888, 
which was the first private institution for the treatment of pulmonary 
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tuberculosis. Before the foundation of this sanatorium, von Ruck had 
conducted, for a short time, a similar institution in Sulphur Springs, a 
few miles west of Asheville. This undertaking was given up after the 
buildings of the institution burned down. 

In 1897, von Ruck produced a modification of Koch’s first tuberculin, 
namely, a watery extract of tubercle bacilli; and in 1912 he elaborated a 
further perfection in his antituberculosis vaccine which, while employed 
widely in the treatment of tuberculous patients, had been designed 
primarily for the protective immunization of children and of others 
exposed to tuberculous infection. 

In 1895, the von Ruck Research Laboratory for Tuberculosis was 
organized for original investigation only. This was incorporated in 
1913 and has since been exceedingly active in carrying out investigations 
concerning problems of immunization. At about this time, von Ruck 
retired from the active management of the Winyah Sanatorium, in 
which his son Silvio had been associated with him for several years, the 
latter taking entire charge of the institution while the father devoted 
his exclusive attention to the work of his research laboratory. 

Von Ruck was an indefatigable student and collected avidly all the 
literature that might be of service in his investigations. Wherever 
possible, he went back to original sources and avoided accepting refer- 
ences, quotations and citations in modern publications. This necessi- 
tated the purchase of numerous books and journal files which were 
ultimately housed in a separate library building close to the residence. 
The library, which he accumulated in the course of years, constitutes 
one of the most complete libraries of tuberculosis literature to be found, 
and constantly excites the admiration of visitors. Books and journal 
articles are indexed and abstracted carefully, the reading notes being 
written on index cards, three by five inches, and this index of the tuber- 
culosis literature which is housed in a fireproof vault in the library 
contains between 150,000 and 200,000 references with notes, and con- 
stitutes an inexhaustible fund upon which to draw for the study of 
tuberculosis literature. As von Ruck for many years suffered greatly 
from insomnia, he did most of his reading at night. His books show 
numerous annotations which he inserted for the guidance of his literary 
assistants and associates. 

In 1918 he suffered a terrible blow in the unexpected and sudden 
death, from pneumonia, of his son Silvio, which was followed but a few 
days later by the death of his only grandchild, Silvia, also of pneumonia. 
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He never recovered from this shock, which was intensified through the 
hopeless illness of his wife, who succumbed to paralysis agitans in 
December, 1921. 

While, because of favorable heredity and a strong physique, von Ruck 
might have lived for many years had circumstances been propitious, 
the loss of his wife, son and grandchild broke his spirit and made it 
impossible for him to fight the inroads of nephritis from which he had 
suffered for years. He was a broken man and, after months of suffering, 
went to rest on Sunday morning, November fifth. 


With Karl von Ruck’s death, there passes one of the outstanding 
figures in the history of tuberculosis study in America. He bridged 
the chasm between the old and the new. He studied medicine under 
Felix von Niemeyer, one of the greatest clinicians of the time preceding 
the bacterial era and, in common with his teacher, he at first viewed 
Villemin’s demonstration of the infectious nature of the presumable 
tuberculosis virus with grave distrust. His intensive and exact studies 
in Koch’s laboratory, however, impressed him with the unavoidable 
conclusion concerning the réle played by the tubercle bacillus in the 
etiology of tuberculosis. That being so, the rest followed logically 
because of von Ruck’s insatiable desire and search for knowledge and 
for the truth. The establishment of the bacterial causation of certain 
diseases opened up absorbing studies closely related and out of which 
the new discipline of immunology developed. It was this difficult and 
fascinating study that attracted von Ruck’s eager mind and in which 
he accomplished so much. 

In these immunological investigations, von Ruck frequently was 
not in touch with his time. When he first insisted upon the importance 
of agglutinins as immune substances, he was laughed at. His claims 
have had some confirmation since then. When he adopted the com- 
plement-fixation test for the diagnosis of tuberculosis and, more, for 
measuring the immunity against the tubercle bacillus quantitatively, 
he was considered a visionary and a futile dreamer. When he proposed 
the prophylactic immunization of children and of others exposed to 
tubercle-bacillus infection and tuberculosis, physicians the world over 
smiled and even said very unkind things about him. Yet, only within 
the last two years, men prominent in the tuberculosis world have declared 
that the tuberculosis problem could find its solution only in the prophy- 
lactic immunization of children against tuberculosis. 
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He was an indefatigable worker and a stern taskmaster. He spared 
neither himself nor his assistants when it was a question of discovering 
facts, of solving questions, of establishing truths. As he was his own 
strictest and severest critic, and would permit only the best to pass out 
of his institution or from his laboratory, so he demanded from his assist- 
ants results approaching perfection as closely as possible. It was not 
easy to obtain his approbation, and when he condescended to pass any 
work as “pretty good,” that was high praise indeed. Yet, he was ready 
to praise and to accept conscientious work of others if it bore the stamp 
of honest study and of logical ratiocination. 

Like so many men of strong opinions and convictions, von Ruck was 
prone to be intolerant of views differing from his. It was this, and his 
impatience with anything but the best, with slipshod, careless methods 
of thinking and of working, that made it so difficult for him to find 
recognition and to make many friends. Those who knew von Ruck 
well were his friends through thick and thin in a bond that even death 
cannot dissolve. Those who knew him casually often judged him 
harshly. 

Von Ruck was, at the same time, a strangely attractive and a pro- 
foundly sad figure. His deep and exact knowledge of tuberculosis not 
only appealed but convinced, There was nothing in tuberculosis 
literature that he did not read critically and that he could not discuss 
intelligently. His financial success, which made him favored above 
many other physicians, was bitter to him when it could no longer benefit 
his immediate family. And, yet, he was pitifully anxious that his work 
should continue and that his favorite ambition should be accomplished: 
to do for tuberculosis what Edward Jenner had done for smallpox. 

In his will, Doctor von Ruck made provision for the continuation 
both of the von Ruck Memorial Sanatorium, Inc., and of the von Ruck 
Research Laboratory of Tuberculosis. 

H. J. ACHARD 
Chicago 


RELAPSE IN PULMONARY TUBERCULOSIS! 


JAMES J. WARING 


Denver, Colorado 


It is not the purpose of this paper to enter into an exhaustive analysis 
of relapse in tuberculosis from the immunological standpoint. The less 
fascinating but extremely practical side of the subject as it relates to the 
practising physician and the patient invites attention. The specialist 
in diseases of the chest is many times called upon to answer the question, 
“Doctor, what shall I do to prevent a relapse?” It is a sort of “Master, 
what shall I do to inherit eternal life?” 

An appalling number of consumptives are graduated yearly from our 
sanatoria eventually to relapse and die. From 1885 to 1903 there were 
567 deaths of graduates from the Trudeau Sanatorium. All but 10 of 
them were due to tuberculosis, that is, only 1 in 57 escaped ultimate 
death from this dread disease. According to Brown (1) the death 
rate among the apparently cured is slightly above the general death rate 
in the first year after discharge, becomes rather more than double in the 
second year and increases thereafter to about three times the ordinary 
tate without showing any tendency to decrease within ten years. The 
patients with active disease on discharge show a very high death rate in 
the first year, a still higher one in the second and a marked decrease in 
the mortality curve in the third and fourth years. Among those dis- 
charged apparently cured there is a greater liability to relapse the more 
advanced the disease before treatment. Roughly speaking, the average 
graduate of the average sanatorium has about 1 chance in two of living 
five years, 1 in 4 of living ten years, and 1 in 7 of living fifteen years. If 
the disease is active on discharge, he has about 3 chances in 100 of 
escaping death from tuberculosis. 

The term relapse means, customarily, return of symptoms of previously 
manifest disease. In the vast majority of all cases of phthisis there 
have been recurring manifestations of the disease off and on at varying 
intervals for months or years before identification of the patient’s 


1 Read at the forty-fourth annual meeting of the Medical Association of Montana, Great 


Falls, Montana, July 13, 1922.” 
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disability. This holds true for all chronic and even for certain instances 
of acute tuberculosis. Any advance of the tuberculous process whether 
from endogenous or exogenous sources constitutes pathological relapse. 
It is known that this may occur subtly, insidiously and without recogniz- 
able signs, or at other times with a variety of symptoms of greater or less 
severity and duration. Only in the latter instance, after previous 
diagnosis, and in a broad sense do we usually speak of relapse. Clinical 
relapse may therefore occur before or after diagnosis. The symptoms 
of relapse are accordingly more or less identical with the symptoms of 
onset. The history elicited from the average patient at his initial 
examination rarely gives the true date of onset. The more advanced 
the disease when recognized the more correct this statement. Knowledge 
gained during sanatorium residence enables the intelligent patient to 
establish the real nature of certain early brief indispositions. The history 
of the patient perhaps should be taken at the end of a year, upon dis- 
charge from the sanatorium as well as upon admission. In speaking of 
relapse one is apt to forget that it is the same disease before as after 
diagnosis and the same after apparent recovery as before. The same 
intermittent course marked by alternating periods of activity and quies- 
cence is characteristic of the malady at all times. Relapse should there- 
fore be defined as a return of activity. It is obvious that the patient’s 
salvation depends upon the early recognition of this reactivation. 

Heise (2) classifies the discharged patients of the Trudeau Sanatorium 
into two groups, active and inactive. Those classified at discharge as 
“apparently arrested” and “quiescent” are regarded as being inactive 
at the time of discharge, whereas those classified at discharge as “‘im- 
proved” or “unimproved” are regarded as active. Clinical activity 
is chiefly determined by estimation of the patient’s pulse and tempera- 
ture. For a male, elevation of the pulse above 90 and temperature 
above 99° and for a female above 96 and 99.6° spells activity. Brown 
states that the occurrence of bacilli in the sputum indicates pathological 
activity in possibly 90 and elastic fibres in 100 per cent of all cases. 
The determination of activity by laboratory tests alone, by complement 
fixation, sputum analysis, tuberculin, auto-urine inoculation and so 
forth, has been from a practical clinical standpoint more or less worthless. 
Opinion should be rendered as in diagnosis only after a careful survey by 
the clinician of all available data. 

The specialist is called upon not once but repeatedly to answer the 
question, “Doctor, is there any activity?’ I usually reply as follows: 
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“Tt all depends upon what you mean by activity. Let us first clearly 
define that term so that my answer will convey a definite idea. If you 
mean, is your disease getting better or getting worse, is the pathological 
process progressing or retrogressing, I reply that in the sense that it is 
retrograde, in the sense that it is getting better, it is inactive. However, 
a fire is not out until the last spark is extinguished. The flames and 
smoke are momentarily subsiding, but if the firemen now quit and return 
to the engine house they will speedily answer a call to a far worse con- 
flagration. Now it is not possible perhaps for you to put out every 
spark of the disease in your lungs, but it is possible for you so to wall in 
and confine the disease that although its traces may remain for all time 
it will with care never return to bother you seriously. The price of 
safety is eternal vigilance. In the sense that the disease process is 
abating, your lungs are inactive; in the sense that the fire is not out, 
the last traces of infection not removed, your lungs are yet active.” 

We have seen that in the narrow sense relapse means return of activity 
and activity means advancing infection, spread of disease. The tide 
of infection does not rise and fall like the tides of the ocean. From the 
immunological standpoint this may be so; from the pathological I con- 
ceive it to be more like the tide along a wide-flung battle-front. The 
enemy may here and there win engagements on a narrow front, but its 
armies elsewhere be in full retreat. Unfortunately, the enemy’s minor 
victories, in tuberculosis sometimes purely accidental in nature, may 
immediately or ultimately prove utterly disastrous. Witness the ac- 
cidental location of a tubercle in the wall of a blood or lymph vessel, 
its ulceration into the lumen of such a vessel and the resulting acute 
miliary tuberculosis. This may occur while at every other point resolu- 
tion and fast advancing fibrosis is leading to sclerosis and “cure.” 

The Metropolitan Life Insurance Company (3) has called attention 
to the remarkable development of tuberculosis sanatoria in the United 
States. In 1920 there were more than 600 sanatoria treating annually 
about 120,000 patients at a yearly maintenance charge not much less 
than $30,000,000 and with an initial expenditure for construction of 
$60,000,000. With rare exceptions no consistent effort had been made 
to follow up the discharged cases or to appraise the benefit from sana- 
torium residence. There was only scant appreciation of the burden of 
responsibility upon the sanatorium to retain and maintain some measure 
of continued supervision of these cases. It is no wonder that such 
statistics as have been gathered indicate, even among the best cases, a 


# 
\ 
‘ 
4 


1060 JAMES J. WARING 


subsequent mortality rate three to four times as great as that of the 
population at their respective ages. Follow-up work, if not purely 
perfunctory, has been perhaps more for the purpose of gathering data 
than with the idea of rendering continued service to the patient. It is 
not impossible that a large percentage of untraced patients fail to 
respond to institutional questionnaires for this very reason. The 
patient’s self-interest is not aroused. Dr. William R. P. Emerson in 
his Nutrition Clinics has recognized with rare judgment the importance 
of the child’s own interest: he calls it “the steam that makes things go.” 
Sanatorium after-care needs more “steam.” Only recently has post- 
sanatorium follow-up work shown any semblance of proper organization. 
The recommendations of this great insurance company were as 
follows: 

1. A central agency or bureau to be established to organize post- 
sanatorium follow-up work on a national scale. 

2. This bureau to be under the auspices of the National Tuberculosis 
Association. 

3. The sanatoria of the country to agree to participate in this effort. 

4. Uniform records and forms to be adopted for use by the coéperat- 
ing sanatoria in their follow-up work. 

5. The central bureau to receive the material from the individual sana- 
torium for the purpose of tabulation and report. 

This work has begun, and I am indebted to Miss Jessamine Whitney 
(4), statistician of the National Tuberculosis Association, for the follow- 
ing figures: Of 5586 sanatorium histories of patients discharged in 
1920 only 44 per cent returned reports. Evidently 3127, or 56 per cent, 
were not properly impressed upon discharge with the importance to 
themselves of keeping in touch with the sanatorium. Already 26 per 
cent of those followed are dead. Of the known living only half were at 
work at the end of one year after graduation; 21 per cent of the living 
made no report of their condition; and of the remainder 45 per cent 
claimed to have no reactivation. Of 2561 patients traced by 9 sanatoria 
at the end of five years, only 49 per cent were alive; at the end of ten 
years 26 per cent of 520 patients traced; and at fifteen years only 15 
per cent were alive of 89 traced. It has been estimated that untraced 
patients are alive and dead in about the same ratio as traced. 

Statistics of sanatoria then do reveal an appalling number of relapses. 
Such data are seized upon by pessimists with unholy joy. They forget 
first that everyone has a little tuberculosis and second that there are all 
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conceivable gradations of mass of infection, quality of soil, and dis- 
tribution of lesion in hosts of equally infinite variety of disposition 
and habits and subjected more or less opportunely to hazards of exist- 
ence in different degree. We might fairly conclude that there will 
necessarily result all degrees of infection and disease from the minimal 
to the maximal. If there are on the one hand a host of people with in- 
fection and without disease and on the other hand a large army with mani- 
fest disease, it is inevitable that on the borderline there will be another 
army of indeterminate size, the members of which waver all unwittingly, 
now on one side of this border now on the other. I conceive this to be 
the reservoir of supply of the tuberculous sick. Every man, woman 
and child in this army is a potential “lunger.” Our tuberculosis pre- 
ventive health measures are partly directed at this group. We must keep 
them from passing over the border from the ‘Well Country” into “TB- 
land.” Let me quote again from the Framingham reports (5): In 
1919 there were 115 arrested cases, of whom 50 per cent gave no history 
of previous symptoms. We have all seen the man past the prime of 
life, up for life insurance examination, without complaint, sound as a nut, 
“never a sick day in his life,”’ and yet with a healed lesion of considerable 
proportions. 

The existence of the “army of the border’ cannot be questioned. The 
curability of the disease can for the same reason not be doubted. 
Perhaps the main body of our consumptives, the far and moderately 
advanced from whom our cases of relapse are chiefly recruited, represent 
after all a small percentage of those who have actually had disease. 

Measure of individual recovery is dependent, among other things, upon 
the number of foci. Do not the terms incipient, moderately advanced, 
and far advanced refer largely to extent of involvement? Healing, to 
the general pathologist, as has been pointed out by Gardner, signifies 
fibrosis or calcification. To'the layman it means complete disappearance 
of disease and the germs of infection with it,—what we term resolution. 
The unenlightened patient fancies he will recover as he has previously 
recovered from typhoid fever and sundry childhood diseases. Realiza- 
tion of the dangers of relapse will come when it is brought home to him 
that he will carry the germs of disease, the menace of return of activity 
in his lungs until death. It is curious that with the patient’s mind ever 
on cure by resolution, although he does not define it or visualize it as we 
do, the physician’s efforts and thoughts are concentrated on cure by 
fibrosis and calcification. 
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That master of phraseology and the art of definition, William Osler, 
defines tuberculosis as follows: ‘‘An infection caused by Bacillus iuber- 
culosis, the lesions of which are characterized by nodular bodies, tubercles, 
and diffuse infiltrations, which either undergo caseation, necrosis, and 
ulceration, or heal by sclerosis and calcification.” He does not add or 
by resolution! Apparently we have entirely lost sight of Nature’s 
superior method of repair, ocular demonstration of which we have had 
repeatedly at the operating table in cases of tuberculous peritonitis. 
The study of series of X-ray plates of the lungs has recorded the ap- 
parently complete erasure of tubercles from certain parts of the picture 
and this coincident with the disappearace of the physical signs of disease. 
The clinician then has long been aware of the possibility of resolution 
and has even had good evidence of the frequent occurence of the same in 
the human being. 

Leroy Gardner records healing by resolution in experimental 
pulmonary tuberculosis (6). He summarizes as follows: ‘The bacilli 
are killed by the body fluids; the caseous matter is invaded and removed 
by mononuclear and polynuclear cells and the proliferated cell masses 
at the periphery are absorbed even as granulation tissue is absorbed 
after any other infectious process.”’ 

Syphilis and tuberculosis both represent types of that pathological 
condition that we call infectious granuloma. Their resemblance is 
striking clinically and pathologically, a fact commented on a thousand 
times. Even a positive Wassermann reaction may be obtained in 
active tuberculosis in the certain absence of luetic infection. Oceans of 
potassium iodide are administered in the one instance with the idea of 
causing absorption of the specific lesion. In tuberculosis we tell the 
patient rest, fresh air and lots of good food will effect cure by promoting 
the growth of scar tissue. Are we not perhaps losing sight of the recip- 
rocal relationship of host and parasite in our treatment of phthisis? 
The proliferating tissue wall around the tubercle protects the patient 
from the bacilli. Does it not also protect the bacilli from destruction 
by the body fluids of the patient? The walls of the insane asylum protect 
the insane from us less crazy folk, even though the inmates themselves 
were confined originally with the idea of protecting the public. What 
would happen to these lunatics if they were not confined? Because 
they could not get along with us, and we could not get along with them, 
and we happen to be the stronger they would be destroyed. The tubercle, 
I take it, is an asylum where the bacilli are incarcerated because their 
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presence in the lungs arouses cellular resentment. Set free they would 
be destroyed by humoral and cellular agencies. Viewed from this 
angle, tubercle formation becomes a bacillus-protecting mechanism. 
To stimulate proliferation is to throw up defense works; to become walled 
in is to take refuge. Thus long bacterial life is assured. The bacillus 
bides its time awaiting the future opportune moment for further activity. 
Krause phrases it happily when he says: ‘“The patient is as resistant as 
the shell of his tubercle.”” It might be added the bacillus is also as 
resistant as the shell of its tubercle. Its security depends upon the 
inviolability of its retreat, upon the impermeability of the wall of the 
investing tubercle. We are perhaps over-used to the host’s point of 
view. Now and again I meet an “oldest inhabitant,” landed in Colorado 
some thirty or more years ago, always in more or less dramatic and 
picturesque style, and always with the verdict of incurable consumption, 
and usually with the instruction from an Eastern physician to “Go West 
and rough it.”’ I have met perhaps some half-dozen of these ancient 
citizens, most interesting and delightful gentlemen. While pounding 
their expanded and apparently sound chests with a heavy hand they 
extol the curative virtues of Colorado and “riding the range.” In the 
same breath they berate me and the whole medical profession for ‘‘molly- 
coddling the consumptive.”’ Occasionally we see a recalcitrant patient 
throw off all shackles of restraint and get well by following his own 
sweet way of unlimited exertion, albeit with plenty of fresh air and good 
food! Let me pause while I emphasize occasionally! Now is it not, 
perhaps, that cure is the result of this very exertion, this continued 
opening and reopening of the lesions, this provision of access of body 
fluids to the interior of the tubercle? Granted the danger of it, granted 
the folly of it and granted that only the fittest and the luckiest survive. 
The cemeteries are full of those who tried it and failed. The point I 
want to make is that there is something to be learned from contemplating 
the case of those who succeeded as well as those who failed. 

Now the sole measure of disability in this disease is not the mass of 
tubercle formation, because it is well known that the relationship of 
host and parasite may be more or less an amicable one and that in such 
case widespread involvement of the lungs may exist without any or 
with but little constitutional manifestations. Contrariwise, there may 
be great disability in the presence of relatively limited changes. Irre- 
spective of location, one tubercle more or less may mean very little to 
one patient, but it may mean a great deal to another. Speaking 
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generally, since reactivation may occur from any tubercle, since every 
tubercle is a potential focus of reactivation, the possibilities of relapse 
will stand in direct ratio with the number of tubercles. The measure 
of the possibilities of relapse will then be the measure of the mass of 
unresolved tubercle formation. Such being the case, our results in 
treatment, within the limitations of my meaning, will depend upon, 
first, mass of tubercle formation on diagnosis; second, mass of tubercle 
formation not undergoing resolution; third, mass of tubercle formation 
undergoing sclerosis and calcification; fourth, degree of sclerosis and 
calcification. 

The ideal treatment, as yet far from attainment, would be, after an 
early diagnosis, to assist resolution by general and specific measures to 
the limit and, having reduced the number of tubercles, to promote 
tissue proliferation, the walling-in process. The patient is thus left 
with only a small diseased area. It may be asked why not aim at 
complete sterilization as is done in syphilis. The answer is that we 
conceive reinfection of a luetic to be impossible. We estimate 40 to 50 
per cent of all consumptives to have been reinfected. Further, complete 
eradication of tubercle lays the individual open to the danger. of acute 


tuberculosis, exposure to infection in civilized communities being con- 
stant. The idea then is to leave the patient with what Bushnell calls 
an “optimal tuberculization,”’ a vaccination and a relative immunity. 


THE CAUSES OF RELAPSE 


If the tendency to relapse increases greatly and rapidly with the 
advance of the disease, a most important if not the most important cause 
of relapse is the failure of the medical profession to diagnose the disease 
sufficiently early. 

Of 975 graduates of the Trudeau Sanatorium during a period of twenty 
years, 185 or about 20 per cent were classified as incipient, and this’in 
an institution admittedly selecting favorable cases. During five years 
of the Framingham Demonstration the tuberculosis death rate in this 
community of 18,000 has dropped 67 per cent; simultaneously, the per- 
centage of cases diagnosticated early rose from 45 per cent to 83 per 
cent. The relationship between early diagnosis and fall in death rate is 
significant. 

Next in importance as a cause of relapse, I would place the failure of 
the profession (and I refer both to the superintendents of sanatoria and 
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to private practitioners) to impress discharged patients with the great 
tendency of the disease to recur and the necessity for long-continued 
observation. That eternal vigilance is the price of health should be 
dinned into the ears of the consumptive until he appreciates what it 
means. It is my impression that the great majority of those who have 
come under my care suffering from a renewal of activity after treatment 
for manifest disease have had no conception of the dangers incurred. 
Nearly all labored under the delusion that the disease was a thing of the 
past, and that “hard work with only reasonable care” was entirely per- 
missible. Apparently, specific instructions as to the precariousness of 
existence were either not given or were not appreciated. Unless fore- 
warned a patient cannot be forearmed. The difficulties of estimating 
the stability of arrest or cure of a given case are exceedingly great. 
It happens all too frequently that a patient discharged as cured or 
arrested relapses promptly. How utterly foolish it is to assist in a 
man’s recovery of a certain measure of health and then turn him loose, 
half-sick half-well, to run the gauntlet of a host of dangers unwittingly, 
to stagger blindly along the edge of a precipice until he inevitably 
plunges over. To help him to get well and then not to show him how to 
stay well is to leave the job half-finished. 

It would be difficult to prove it by statistics, but my impression is that 
the largest percentage of relapses are due to ignorance, on the part of 
both physician and patient. The former, from ignorance, makes a 
diagnosis too late; from ignorance he discharges his patient too soon; 
again from ignorance of the tendency of the disease to reactivation he 
fails to warn his patient. From ignorance of human nature and its 
proneness to forget, he fails to reiterate his warnings; and finally the 
poor patient from ignorance makes the usual inevitable mistakes and 
dies. 

Accident, inadvertence, combination of circumstances, and wilfulness 
all play their part. Of course, there are many who will not learn, many 
who are restless under restraint, who are wilful and heedless,—spoiled 
children ever. For these there is no hope. A kind Providence attends 
to their case: some few survive to boast vociferously of their successful 
disregard of the “rules of the game”; the remainder go inexorably to 
their eternal rest. The conscientious physician can only struggle 
with these to a certain point; thereafter, patience becomes weakness 
and discipline suffers. 

Krause, in his essay on The Nature of Resistance to Tuberculosis, has 


dq 
4 
e 
if 
0 
t 
t 


1066 JAMES J. WARING 


written of “the large part that accident plays in the development of a 
pathological process.’ He does not refer to the breaking of a leg or a 
rib. We have learned from the late war that chest wounds are of little 
moment in the development of phthisis. He refers to the accidental 
location of a tubercle in relation to avenues of transportation of further 
disease, that is, to a blood or lymph vessel. Such location may deter- 
mine hemorrhage or any of the dread complications. These are what 
he calls accidents of place or location. Besides these there are the 
accidents of time. The same episode in a man’s life may produce differ- 
ent results, depending upon its relation to other incidents. I quote 
verbatim: 


A great deal may depend upon just when a patient develops an inter- 
current infection such as an acute bronchitis, or suffers unusual physical 
strain. . . . . It may occur when the concealed tubercle is thoroughly 
sclerotic and therefore completely withstands the changed anatomical or 
physiological processes going on in its neighborhood. Or it may occur at a 
time when the investing wall of the tubercle has just the proper structure to 
establish fresh communications with the surrounding tissue under the right 
conditions. . . . . It is for these reasons that I am fond of telling our 
students that the development of tuberculous disease from old benign tubercle 
depends largely on whether the patient gets a cold or runs a race or becomes 
pregnant at the wrong time. : 


The sudden strain of cranking an automobile may prove as harmful 
as the prolonged overexertion of heavy manual labor. The former acts 
by tearing open an old lesion in pleura or lung, the latter usually by its 
accumulated depression of vital forces. 

Worry and anxiety are as pernicious as overwork and overplay, and are 
just as liable to precipitate relapse as they are to prevent recovery in 
the first place. Worry over the condition of another member of the 
family, business anxieties, disappointments in love, domestic infelicities; 
are frequent and potent sources of disaster. 

The consumptive faces more hazards of existence than the well man, 
but their chief danger for him lies in his blissful unawareness. After all, 
no pilot knows where all the rocks and reefs arelocated. It is not possible 
to indicate the position of every menace to navigation for the sailor or 
for the consumptive, but it is possible to chart a course and a reasonably 
safe channel. 
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PREVENTION OF RELAPSE 


I have divided this into two headings, under the first of which I shall 
discuss measures in so far as they chiefly concern the physician. Under 
the second will be taken up measures as they chiefly concern the patient. 

1. Measures as they concern the physician: Here should be placed, 
first and foremost, public education in the early symptomatology of 
tuberculosis and second, education of the general practitioner in early 
diagnosis. The efforts of antituberculosis organizations are invaluable. 
They should be faithfully seconded by the family physician on his rounds, 
warning against reckless disregard of the rules of health, and maintain- 
ing a proper and a reasonable supervision of the families under his care. 
If the duty of the health organization is social and preventive, the duty 
of the physician is individual and preventive as well as individual and 
curative. He should take cognizance of the boy with the cough that 
“hangs on,” of the girl with the “lump in her neck;” he should warn 
against malnutrition, he should counsel against dissipation. 

The physician should not fail to impress his patient with the vital 
importance of expeditious arrest of the disease, pointing out the folly of 
halfway measures in “chasing the cure” and insisting upon strict adher- 
ence to instructions. 

' The physician unable to make an early diagnosis will almost certainly 
discharge his patient before the disease is properly arrested, and early 
relapse will be inevitable. Doctor Trudeau told me that he determined 
to take five years at the outset for his recovery. Though he.lived many 
years and his accomplishments were great, we know that he suffered 
almost daily for thirty-odd years from symptoms of the disease. 

Shall the patient return to his old occupation in his former environ- 
ment or shall he undertake a new vocation in the same or different sur- 
roundings? Each case must be decided upon its own merits. Evidence 
upon which a decision will be based comes from many sources, the 
patient’s independent means, family responsibilities, business obliga- 
tions, climate, immediate working environment, temperament, stability 
of character, extent of disease and measure of recovery. Just as the 
profession East of the Mississippi has learned not to say “Go West and 
rough it,” so all of us are learning to advise against the outdoor vocation 
and its attendant necessarily more or less severe physical exertion. A 
sedentary occupation in a well-ventilated office, the patient sleeping 
out at nights, is much to be preferred. The arrested case must live by 
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his brains as far as possible and less by his brawn. David Lyman says, 
“Records indicate that factory workers hold their condition distinctly 
better and office workers far better than the outdoor worker.” J. P, 
Monroe, Vice-Chairman of the Federal Board of Vocational Education, 
is convinced that every case of arrested tuberculosis should spend six 
to twelve months in graduated employment, with skilled medical and 
vocational supervision, before being returned to normal employment. 
Even after this probational year, 30 to 50 per cent cannot stand the 
strain of ordinary competitive conditions. It is obvious that the con- 
sumptive must not be allowed to slip back from the favorable surround- 
ings and beneficial routine of sanatorium life into unwholesome habits 
and unhygienic living conditions. Careful regulation of effort and 
freedom from responsibility are perhaps the most important elements of 
the sheltered life of the institution. Inability to regulate the one and too 
sudden resumption of the burden of the other may prove harmful. 

More and more recognition is being had of the need for what has been 
called postsanatorium care. A Committee on Colonization (now the 
“Committee on After-Care and Social Reéstablishment”) was appointed 
by the National Tuberculosis Association three years ago, under the 
chairmanship of Doctor A. M. Forster of Colorado Springs, to gather 
information and make recommendations. Sanatorium regimen of one 
to two years is not sufficient for permanent recovery. Appropriate 
after-care must be planned to the end that relapse may be postponed or 
even avoided altogether. Several very successful experiments in the 
consumptive colony have been conducted. A pioneer farm colony at 
Eudowood was founded in 1905 by Forster and is still doing splendid 
work. The patients of this institution, gradually and according to their 
improved strength, do all the work on the farm, including carpentry, 
poultry-raising, truck-gardening and dairying. 

Papworth Hall in England under the management of Varrier-Jones 
has grown in eleven years to be a half-million dollar institution. It has 
three departments, a hospital, a training colony and a permanent 
settlement. 

The Reco Shop was opened in Long Island in June, 1920, by the New 
York Tuberculosis Association, the National Tuberculosis Association 
and the Federal Board of Vocational Training. It takes care of ex- 
service men only. The trades taught are watch-repairing, jewelry 
manufacture and skilled cabinet-making. The following description 
of the workshop is taken from an article by Thorburn and Billings (8). 
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The shop is airy, has modern hygienic equipment, a solarium and rest room 
on the roof, a cafeteria serving lunch at cost. The men are paid when their 
work becomes productive, that is, when the goods are saleable or repairs satis- 
factory. The personnel consists of a manager and assistant manager, three 
instructors in each department, a physician, a trained nurse not in uniform, 
a cook and helper and a porter for heavy work. A prominent business man 
gives valuable advice and there is also an advisory board of well known dealers 
in the various commodities. Finally there is a directorate of leading business 
men and a committee of eminent physicians, all experts on tuberculosis. The 
men work two to six hours daily. An examination is made and history taken 
at the outset, at the end of the first week and monthly thereafter. The 
nurse visits every home giving advice and care as needed. 


Work preparatory to this vocational training is given to selected 
patients among ex-service men in several sanatoria in New York and 
Connecticut by the New York Tuberculosis Association. From the 
day he breaks down the patient is thus preparing for the job higher up. 
He “‘chases the cure” in order that he may prepare for vocational train- 
ing; he undertakes vocational training that he may finally reéstablish 
himself socially. ‘The wisdom and logic of the scheme are admirable. 

One more example of this idea, and I will passon. Edward Hochauser, 
Executive Secretary of the Committee for the Care of the Jewish 
Tuberculous, manages a garment shop in New York City for arrested 
cases of tuberculosis. Each patient is considered individually as to 
work, hours, etc. Most important, the workers’ families are looked 
after medically and socially. Figures covering a period of six years show 
less than 15 per cent relapses as compared with average sanatorium 
figures of 45 per cent worse or dead in six months to two years after 
discharge as “improved or better.” 

If I am right in thinking that retention of supervision is all important, 
the industrial nurse plays no small part in this scheme. It is she who 
impresses patient, family and friends with the need of periodic reéx- 
amination. Let me refer once again to Armstrong’s Framingham 
Reports (9). With excellent nursing and clinical equipment little or 
no tuberculosis was discovered in factories, but with the development of 
adequate medical machinery and compulsory medical examination of 
all new employees, 27 per cent of all new cases of the disease in the 
community were brought to light through factory medical machinery. 
“Periodic inventory of human machinery” is important, periodicinventory 
of damaged human machinery is imperative. 
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What instruction should be given the patient upon discharge? He 
should be impressed with the thought that although he may be 25 to 50 
per cent permanently handicapped he may still by proper selection of 
vocation, by the use of sound common sense, by proper organization 
and careful nursing of his impaired strength, actually accomplish far 
more than he perhaps otherwise would. For his encouragement, stimu- 
lating examples of this may be cited. During the war there was a 
Canadian poster entitled What Every Disabled Soldier Should Know. 
It ran about like this: That there is no such word as impossible in tuber- 
culosis; that a man’s natural ambition to earn a good living can be ful- 
filled; that disability can either be got rid of or a new ability acquired 
to offset it; that the whole object of doctors, nurses and instructors is to 
help a man to do this very thing; that he must help them to help him; 
that he will have the most careful and efficient treatment known to 
science; that a man’s own will power and determination will enable him 
to succeed both in training and in occupation afterwards. 

Having thus stressed the hopeful outlook, it should be for the 
thousandth time emphasized that the disease is prone to relapse and that 
in spite of all warnings there is an innate tendency of mankind to forget. 
Great difficulty lies in knowing when one is overworking. There seems 
to be a sort of job inertia. Great interest and too steady application to 
the job in hand cause loss of perspective, insensibly acceleration of pace, 
a treadmill of existence revolving ever faster until the final smash. 

Warning must be uttered against the tragedy of success. Many a 
man returns to work after enforced idleness with accumulated energy 
and ambition, tastes once more the joys of accomplishment and imme- 
diately loses his head, accepts greater and greater burdens of responsi- 
bility and pays the penalty. The “lunger’” must set himself for a long 
race and make the pace accordingly. Better to earn less money, remain 
subordinate and stay well than to earn more for a brief period, stand 
promotion and succumb. Thoughtlessness of self is admirable, but 
occasion will be found more than once to remind the patient forcibly of 
personal, family or social obligations that should compel prudence. 

The importance of proper rest having been stressed, the dangers of 
recreation must be pointed out. Violent games are to be absolutely 
prohibited. In selected instances golf is permissible as are also fishing 
and horseback riding. Overplay is much more dangerous than overwork. 

The patient has had repeated demonstrations of the return after rest of 
that feeling of wellbeing that the modern American calls pep. He must 
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have experienced more than once the beneficent effect of rest. Remind 
him of it. 

Specific instructions may be given concerning acute infections of the 
respiratory tract. Personally, I am of the opinion that a cold entitles 
the patient to a week’s vacation, the major part of which should be spent 
in bed. 

Already well-instructed in dietetics, it is not long before the patient 
requires advice on the subjects of tobacco and liquor. Let it be said 
here and now that I am thoroughly convinced of the pernicious effect of 
tobacco and usually advise total abstinence from liquor. 

Sundry strains and responsibilities, such as love affairs, marriage, 
pregnancy, labor, and lactation merit extended discussion but time does 
not permit. Until thoroughly recovered, it is wise to stay clear of all 
entanglements with the opposite sex. The financial status of the parties 
concerned will sometimes decide. Pregnancy in a tuberculous woman 
is always fraught with danger. It should be avoided except in early 
and long arrested cases. The tuberculous woman should never nurse 
her baby and this as much for the child’s sake as the mother’s. 

To summarize briefly, the physician prevents relapse by public educa- 
tion, by personal, individual and family instruction, by early diagnosis, 
by stern discipline and skilled treatment securing expeditious arrest, by 
proper schooling of the patient while under treatment in the nature and 
habits of his lifelong enemy, by emphasizing the innate tendency of the 
disease to relapse and the perversity of humankind to overwork and 
overplay, by constant admonition against the strenuous life, by forcible 
reminders of the beneficent effect of rest, by detailed instructions as to 
care of the common respiratory disorders, by prohibiting liquor and 
tobacco and by wise counsel in all sex matters. The private physician 
covers the ground of after-care with difficulty because his patients are 
frequently scattered after recovery. The vital importance of after-care 
has been dwelt upon at length because of its great practical importance. 

2. Measures to prevent relapse as relating to the patient: Much of what 
could be said here has already been dwelt upon. The physician can only 
point the way, the patient must follow. As a matter of fact, the sick 
man begins to prevent relapse from the moment he places himself trust- 
fully under proper medical supervision. Strict, faithful, persistent 
adherence to instructions is a powerful ally. The patient must study 
himself and the disease with which he is afflicted. He must learn the 
general nature of his enemy, his habits, strength and the signs indicating 
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accession of reinforcements and the signals of advance. He must know 
the specific nature, strength and strategic position of the particular army 
corps with which he is engaged. 


I have great faith in the courage and optimism of the average citizen 
afflicted with tuberculosis, and I believe that too many of us have been 
so intent on helping him to get well that we have lost sight of the 
necessity of helping him to stay well. Institutions are more happily 
situated for the solution of this problem, but the trained specialist can 
go a long way toward the same end by encouraging the growth and 
development of vocational training for the consumptive and finally by 
the faithful application of his own follow-up system. 
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THE LYMPHOCYTE INDEX IN TUBERCULOSIS 


GERALD B. WEBB, G. BURTON GILBERT ann J. A. NEWMAN 
From the Laboratories of the Cragmor Sanatorium, Colorado Springs, Colorado 


The fact that lymphocytosis accompanies human tuberculosis is by 
no means a new observation. Neither is it a recent discovery that the 
higher the lymphocytosis the better the prognosis. But since these 
facts have not received the general recognition which their clinical 
importance justifies we wish to emphasize them further at this time. 

In 1905 Ullom and Craig (1) stated it as their impression that the 
actual increase in lymphocytes corresponded to increased resistance of 
the patient to tuberculosis. In 1909 (2) one of us reported a series of 
500 differential blood counts on about 200 tuberculous patients of various 
types which definitely confirmed this impression. The average per- 
centage of lymphocytes (lymphocytic index) was given as follows: 


III. Improving cases 
IV. Stationary cases 
V. Cases progressing unfavorably 


It should be noted that these percentages include all the mononuclear 
basophilic cells, and that these observations were made at an altitude 
of 6000 feet. The mononuclear percentage at sea level in normal adults 
is about 34. The fact that there is an absolute increase in the lympho- 
cytes of the blood as an effect of altitude was first established by the 
work of Webb and Williams in 1909 (3) and later confirmed by Staiibli 
(4), Baer and Engelsman (5), Gilbert (6), and Staines and James (7). 

In 1911 numerous authors, including Solis-Cohen and Strickler (8), 
Watkins (9), Wright and King (10) and Miller and Reed (11), concluded 
that the percentage of lymphocytes corresponds closely to the condition 
of the patient and the progress or activity of the disease and does not 
depend on the extent of the disease. 

Murphy and Taylor (12) by X-raying mice to reduce their lympho- 
cytes have rendered them more susceptible to tuberculosis, Morton 
has confirmed this work, using guinea pigs and human strains of tubercle 
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bacilli. When Murphy increased the lymphocytes in mice by im- 
munizing against and then inoculating them with cancer, and by means 
of dry heat, he found their resistance to tuberculosis was greatly 
enhanced. 

Experiments performed by Scholz (13) on the effect of recent tuber- 
culous infection on the leucocytes in cattle, rabbits and guinea pigs 
showed a decrease in polymorphonuclears and an increase in lymphocytes 
and eosinophiles. In our work on human tuberculesis we have failed 
to find any definite change in the number of eosinophiles. Calmette 
(14) speaks of three distinct leucocytic formulae in the various types or 
stages of tuberculosis: 

1. The formula of resistance found in benign fibroid cases with slow 
evolution and consisting of a moderate leucocytosis of not over 10,000 
per cmm. and a pronounced lymphocytosis with a slight eosinophilia. 

2. The formula of defense found in cases of massive infection or special 
virulence and consisting of a hyperleucocytosis and abundant poly- 
nucleosis, with a constant diminution of eosinophiles and lymphocytes. 

3. The formula of disaster found in open cases progressing to serious 
caseation and breaking down with formation of cavities, consisting of 
a marked hyperleucocytosis, varying from 16,000 to 20,000, with poly- 
morphonuclears around 90 per cent and with lymphocytes and mono- 
nuclears diminished in number and sometimes degenerated, while the 
eosinophiles are almost absent or broken up and fragmented. 

Lymphocytosis has been reported in other conditions, such as thyroid 
disease and whooping cough. Daland (15) has called attention to the 
fact that a small cell lymphocytosis, especially when accompanied by a 
leucopenia, may be a diagnostic sign of chronic periapical dental in- 
fection in adults. We have noticed this in several cases where the teeth 
were in such condition as to warrant their complete removal. Kaufman 
(16) states that a lymphocytosis is found with remarkable frequency in 
chronic disorders of the digestive tract, but we have seen no sign of this. 
Sprunt and Evans (17) have noticed in certain acute infections a slight 
increase of large mononuclear and transitional cells, with many patho- 
logical lymphoid forms, which is later followed by a leucocytosis largely 
due to increase in lymphoid cells. 

Bergel (18), in a recent monograph on lymphocytosis, after noting the 
favorable significance of a high mononuclear count in the blood in tuber- 
culosis and its occurrence as an early sign of improvement, observes that 
the same thing holds good in the local lesions of the disease: those having 
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an acute course and unfavorable prognosis, like the tubercles of general 
miliary tuberculosis, showing few lymphocytes; while the milder and 
more chronic lesions are rich in them. He attributes a diagnostic value 
to high blood lymphocytosis as well, in that it usually indicates a pure 
tuberculosis, free from mixed infection. He considers the lymphocytic 
increase a sign of natural defensive reaction against the tubercle bacillus 
and believes that its value lies in the power of the mononuclear to 
destroy the tubercle bacillus by means of lipolytic ferments. 

For the past ten years we have made routine differential blood counts 
on practically all of our tuberculous patients. We have become more and 
more impressed with the value of this lymphocytic percentage or index 
as a simple and accurate measure of the condition and prognosis of the 
patient. While such other laboratory tests as complement fixation for 
tuberculosis and the Arneth index have gradually passed into the discard, 
this simple determination has become of greater clinical importance. 
In order to crystallize our results we have undertaken to analyze over 
2000 successive counts on some 400 tuberculous patients in all stages of 
the disease. The results may be very briefly summarized as follows: 

Average lymphocytic index in: 

I. 100 adult normals 
II. 130 arrested or apparently cured cases 
III. 120 cases improving 
IV. 100 cases failing 

V. 40 cases progressing to death 

The average number of mononuclears per cubic millimetre in class I 
was 3354, in class II 3420, and in class V 2440. Whenever this lympho- 
cytic index remains below 20 the outlook is practically hopeless. Of the 
patients whose index persisted below 20, 58 per cent are dead, 29 per 
cent are confined to bed, 10 per cent are able to be up and about, while 
only 3 per cent are able to work part time. A steady or gradual fall in 
the index is of grave significance. A gradual rise, on the other hand, is 
a most encouraging sign. Of the patients whose index persisted above 
40, only 2 per cent have died, 7 per cent are confined to bed, 20 per cent 
are up and about, while71 per cent are leading a normal life. Those with 
the index over 30 have the balance of power on their side, while those 
with an index below 30 have a doubtful outlook and prognosis. 

In children the lymphocytes are much more numerous than in adults. 
Normally, the lymphocytic index is highest during the first two years 
of life, then falls slowly until about the age of eleven or twelve, when it 
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tends to approach that of an adult. At the altitude of Colorado Springs 
the normal lymphocytic index runs about 80 at one year of age, 70 at 
3 years, 60 at 6 years, 55 at 8 years and 45 at 12 years. 

In analyzing our counts on children one fact was strikingly evident. 
Children who had recovered from tuberculosis in any form had a remark- 
ably high lymphocytic index, averaging about 56 even when the age 
was from 12 to 16. These high indices did not fall as long as the children 
remained in good health. Children who had a mild, relatively inactive 
lymphatic or pulmonary tuberculosis from which they were recovering 
also have a high index. 

Our observations convince us that children whose index is below normal 
for their age require further investigation, including X-ray, as to the 
possibility of active or latent tuberculosis. They should be treated with 
rest, fresh air and good food as other tuberculous suspects, at least until 
the index reaches normal. 

Bergel classes all the mononuclears of the blood under the name of 
lymphocytes on the ground that, although they are derived from a 
number of sources, they are closely allied functionally: he even asserts 
that the difference in appearance between the large mononuclear phago- 
cytes and lymphocytes is merely a matter of functional state and that 
one can change into the other. In this he is in agreement with some 
European and American investigators, as Calmette, and Hussey (19). 
On the other hand, the work of Mallory (20), Permar (21), Foot (22) 
and McJunkin seems to have established rather securely that the large 
mononuclear has a special origin from the vascular endothelium and a 
very special functional capacity for ingesting solid foreign particles, 
which, according to this school, is not shared by those cells which are 
certainly derived from lymphoid tissue. This large endothelial leucocyte 
which includes the so called “transitional” cell is also the cell chiefly 
concerned in the local lesions of tuberculosis, syphilis and typhoid 
fever and may reach 15 per cent in the peripheral blood in malaria. 
McJunkin (23) has devised a method of identification for these endo- 
thelial leucocytes by the use of a benzidin-polychrome stain. He reports 
that these cells are increased up to 10 per cent, in advanced tuberculosis 
in guinea pigs, whereas they are only 1.5 per cent in normal pigs. When 
we went over our counts with this in mind we found in the far advanced 
active cases an average of 6 per cent endothelial leucocytes or 840 per 
cmm., with 16 per cent total mononuclear elements or 2440 per cmm. 
It should be especially noted that the average total number of leu- 
cocytes was 14,000. 
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In the arrested or cured cases we find an average of 8 per cent endothe- 
lial leucocytes or 608 per cmm., with 45 per cent total mononuclear 
elements or 3420 percmm. ‘Total leucocytes averaged 7600. 

In the normal cases we find 8 per cent endothelial leucocytes or 624 
per cmm., with 43 per cent total mononuclears or 3354 percmm. Total 
leucocytes in this series averaged 7900. 

Although far advanced cases show a decreased percentage of endothe- 
lial leucocytes, there is an absolute increase because of the leucocytosis 
present. On the other hand these far advanced cases have a very marked 
decrease in the absolute and relative numbers of lymphocytes present. 

These findings, with others already cited, would certainly seem to 
indicate that the lymphocytes, and not the endothelial leucocytes, are 
the important factors in measuring resistance to tuberculosis in human 
beings. 

This work was made possible through the generosity of Mrs. B. C. Allen. 
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A STUDY OF THE OCCURRENCE OF HEMOPTYSIS, PLEU- 
RISY, RALES, TUBERCLE BACILLI AND X-RAY FIND- 
INGS IN 1000 CONSECUTIVE CASES ADMITTED 
TO THE TRUDEAU SANATORIUM 


F. H. HEISE anp LAWRASON BROWN 
Trudeau, New York 


One thousand cases entering the Trudeau Sanatorium were analyzed 
to determine the frequency of hemoptysis, pleurisy, rales, tubercle bacilli 
and parenchymatous X-ray lesions in those cases subsequently diagnosed 
as tuberculous and nontuberculous. It was hoped that this analysis 
would reveal to us some basis from which diagnostic criteria could be 
evolved, making the diagnosis of tuberculosis conform to certain stand- 
ards, without which the diagnosis would always, at least, remain in 
doubt. 

While nearly all cases had been diagnosed previously as pulmonary 
tuberculosis, a few were sent to the Sanatorium to prove or eliminate 
this disease. No attempt was made to select the cases from the waiting 
list for admission, so that the analysis represents, fairly accurately, the 
ordinary run of cases admitted to the Trudeau Sanatorium, namely, 
minimal and moderately advanced cases. 

Of the 1000 cases, 815 were diagnosed as having pulmonary tuber- 
culosis and 185 as suspects or nontuberculous. These 185 will be grouped 
later under the one heading, nontuberculous. All cases having had 
hemoptysis of a teaspoonful or more, and all cases having had pleurisy 
with effusion, were diagnosed as tuberculous in this analysis, although, 
undoubtedly, some were not. 

The analysis of the cases (table 1) revealed the occurrence of: 

1. Hemoptysis of a teaspoonful or more in 246 cases of the tuberculous 
(30 per cent). 

2. A history of dry pleurisy or pain in the chest in 470 tuberculous 
(57.6 per cent) and 141 nontuberculous (76 per cent). 

3. Definite fine, moderately coarse or coarse rles in 608 tuberculous 
(74.6 per cent) and 50 nontuberculous (27 per cent). 

4. Tubercle bacilli previous to admission to the Sanatorium in 124 
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tuberculous (13.9 per cent) and tubercle bacilli in the sputum while at 
the Sanatorium in 459 tuberculous (55 per cent). 

5. No demonstrable pulmonary lesion by X-ray examination (negative 
X-ray) in 6 tuberculous (0.7 per cent) and 22 nontuberculous (12.4 per 
cent). 

6. A peribronchial type of lesion by X-ray (Pb) in 74 tuberculous 
(9 per cent) and 163 nontuberculous (87.6 per cent). 

7. A parenchymatous type of lesion by X-ray (Pc) in 735 tuberculous 
(90 per cent). 

Accepting the theory that all hemoptyses are due to pulmonary 
tuberculosis, the absence of hemoptysis certainly does not preclude this 


TABLE 1 


Occurrence of hemoptysis, wet pleurisy, rales, tubercle bacilli, and X-ray type in 815 tuberculous 
and 185 nontuberculous cases 


TUBERCULOUS NONTUBERCULOUS 


Number Per cent Number Per cent 


47 0 
246 30.0 0 
608 74.6 27.0 

Previous only 124 13.9 0 

Residence 459 55.0 0 
Negative X-ray 6 0.7 22 12.4 
Peribronchial X-ray 74 9.0 163 87.6 
Parenchymatous X-ray 735 90.0 0 0 
Dry pleurisy or pain in chest 470 57.6 141 76.0 


disease, since only 30 per cent of the earlier type of case (minimal and 
moderately advanced) had this symptom. In the positive sense, this 
symptom is, of course, valuable. A history of pleurisy or pain in the 
chest, when not definitely accompanied by pleural friction, is of no value 
as a diagnostic symptom, since it occurs as often, or more often, in the 
nontuberculous. The presence of rales, however, is of importance, as 
75 per cent of the tuberculous had them, and only 27 per cent of the 
nontuberculous. Of course, rales occur in other nontuberculous pul- 
monary conditions. The presence of tubercle bacilli in the sputum 
naturally makes the diagnosis. When no parenchymatous infiltration 
is seen in the X-ray film or plate, pulmonary tuberculosis is not likely to 
be present (10 per cent), whereas, most of the cases with pulmonary 
tuberculosis (90 per cent) show a definite parenchymatous X-ray lesion. 
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Not considering the symptoms of toxemia from the diagnostic stand- 
point, it would be fairly safe to say that all cases of pulmonary tuber- 
culosis should have one or more of the following diagnostic criteria 
brought out in their examination: 

1. Tubercle bacilli in the sputum. 

2. A history of hemoptysis or pleurisy with effusion. 

3. Rdles. 

4. Parenchymatous X-ray lesion. 

A further analysis was made to see to what extent hemoptysis, pleurisy, 
rales and tubercle bacilli were associated with the various types of lesions, 
as seen on the X-ray (Neg. Pb. Pc.). Table 2 shows the result of this 


TABLE 2 
Occurrence of pleurisy, hemoptysis, rales, and tubercle bacilli in the negative, peribronchial and 
parenchymatous X-ray groups (1000 cases) 


NEGATIVE X-RAY | PERIBRONCHIAL |PARENCHYMATOUS 
(28) (237) (735) 


Num- Num- Per | Num- Per 
ber ber cent ber cent 


Wet pleurisy 47 0 : 17 | 36.0 30 | 64.0 
Hemoptysis 246 6 : 20 8.1} 220 | 89.4 
658 7 62 | 9.4] 585] 89.5 
459} 0 12 | 2.6| 447 | 97.4 
611 | 12 .0| 129 | 21.0] 470] 77.0 


analysis in detail. Briefly, it may be stated that 470 of 611 cases (77 
per cent) with dry pleurisy or pain in the chest showed a parenchy- 
matous X-ray lesion. Wet pleurisy occurred in 47 instances, 30 of 
which (64 per cent) showed a parenchymatous lesion. Hemoptysis 
occurred in 246 instances, of which 220, or 89.4 per cent, showed paren- 
chymatous lesions, thus confirming, somewhat, the belief that 90 per 
cent of hemoptyses occur in pulmonary tuberculosis. Of 658 cases 
having rales, 589, or 89.5 per cent, showed a parenchymatous lesion. 
This is another interesting occurrence. It was of great interest to find 
that 97.4 per cent (447 of 459 cases) of cases having tubercle bacilli in 
the sputum while at the Sanatorium had a parenchymatous lesion. The 
remaining 2.6 per cent showed a peribronchial type of lesion. Thus, 
when tubercle bacilli are present, the X-ray will almost invariably reveal 
a lesion. 

From the above it may be said that a definite parenchymatous lesion 
was demonstrated in the X-ray plate or film in: 
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1. Almost all who had positive sputum (97.4 per cent). 

2. Nine out of ten cases with rales. 

3. Nine out of ten cases that had had hemoptysis. 

4, Nearly eight out of ten cases having a history of dry pleurisy or 
pain in the chest. 

5. Six out of ten cases with pleurisy with effusion. 

Table 3 shows the character and location of the rales heard, together 
with the type of X-ray lesion with which they were associated. It is 
of interest to note that parenchymatous lesions are associated most 
often with the moderately coarse réles found in the upper third or more 
of the same lung (98 per cent of 425 such cases). Next in frequency 


TABLE 3 
Occurrence, location and type of rales in negative, peribronchial and parenchymatous X-ray 
groups (1000 cases) 


NEGATIVE PERIBRON- PARENCHY- 
X-RAY (28) CHIAL (237) | Matous (735) 


Num-| Per | Num- Num-| Per 
ber | cent | ber ber | cent 


Questionably present 1 19 
Present -4| 589 


Moderately coarse, upper third or more 4 .O} 418 
Fine apical, or upper third or more : .0} 96 
Fine upper third, moderately coarse at base...| 20 . : 13 
26 : .5| 23 | 88.5 
67 27 39 | 58.2 
306 .o | 19 .O| 127 | 41.5 


were moderately coarse or fine rales heard in the middle of the lung 
(only 88.5 per cent of 26 cases). Fine rales in the upper third or more of 
the same lung came next in frequency (80 per cent of 120 cases). Fine 
rales in the upper third of the lung, with moderately coarse rales at the 
base, were much less frequently associated with parenchymatous lesions 
(65 per cent of 20 cases), and basal rales only least frequently of all 
(58.2 per cent of 67 cases). In some cases, the occurrence of rales was 
somewhat in doubt. Of these, 52.8 per cent of 36 cases had paren- 
chymatous lesions, whereas only 41.5 per cent of 306 cases having no 
rales also had parenchymatous lesions as seen on the X-ray plates. 
Moderately coarse rales were found in 425 (78 per cent) and fine rales 
in 120 (22 per cent) of the 545 cases with rales at an apex, or apex and 
elsewhere in the lung. 
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Table 4 shows the frequency of occurrence of pleurisy with effusion, 
hemoptysis, moderately coarse and fine rales, variously located, and 
tubercle bacilli in the sputum, when the X-ray findings are negative, 
peribronchial and parenchymatous in type. From this table it may be 
seen that in this analysis, peribronchial lesions are associated with 
pleurisy with effusion almost twice as frequently as parenchymatous 
lesions (7 per cent and 4 per cent, respectively). Parenchymatous 
lesions show greater association with hemoptysis than peribronchial 
(30 per cent as against 8 per cent). But negative X-ray cases have 
almost as great association with hemoptysis as the parenchymatous 


lesion. 


TABLE 4 
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coarse up- 
per third or more 
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coarse middle 
coarse base 
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Fine or moderatel 
BACILLI IN RESIDENCE 


Fine upper third mod- 
Questionable or not 


WET PLEURISY 
Fine upper third or 


Moderate 


Number 
Per cent 
Number 
Per cent 
Number 
Number 
Per cent 
Per cent 


6| 21 
18; 8 
418 96| 13 
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Negative 0 
Peribronchial. . .|237} 17 
Parenchymatous|735| 30 
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Moderately coarse rales were found in the upper third or more of the 
lung in 57 per cent of 735 parenchymatous and 3 per cent of 237 peri- 
bronchial cases. 

Fine rales in the upper third or more were found in 13 per cent of 
735 parenchymatous, 8 per cent of 237 peribronchial, and 21 per cent 
of 6 negative X-ray cases. 

Fine or moderately coarse rales in only the central portion of the 
lung were found in 3 per cent of the parenchymatous and 1 per cent of 
the peribronchial cases. 

Fine rales in the upper third of the lung and moderately coarse rales 
at the base occurred in 2 per cent of the parenchymatous and 3 per cent 
of the peribronchial cases. 

Basal rales, only, occurred in 5 per cent of the parenchymatous, 11 
per cent of the peribronchial and 4 per cent of the negative cases. 
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R4les were indefinite or were not present in 20 per cent of the paren- 
chymatous, 74 per cent of the peribronchial, and 75 per cent of the 
negative cases. 

Tubercle bacilli were found at the Sanatorium in 61 per cent of the 
parenchymatous and 5 per cent of the peribronchial cases. No negative 
X-ray case had positive sputum at the Sanatorium. 


CONCLUSIONS 


Considering these various analyses, on the whole it reasonably can 
be said that: 

1. Inasmuch as 90 per cent of the cases having hemoptysis showed 
a definite parenchymatous X-ray lesion, this symptom is of great sig- 
nificance in diagnosis. 

2. Pleurisy with effusion as a diagnostic symptom of pulmonary 
tuberculosis (not pleural tuberculosis) falls considerably below hemop- 
tysis in value, since only 64 per cent had definite evidence of intra- 
pulmonary involvement as seen by the X-ray. Perhaps this finding is 
due to inability to see through the fluid. 

3. The finding of persistent rales, especially moderately coarse rAles 
in the upper third of the lung, is of great significance in the diagnosis 
of pulmonary tuberculosis, inasmuch as the lesion can be shown to be 
intrapulmonary by the X-ray in 90 per cent of the cases. 

4. The demonstration of tubercle bacilli in the sputum is almost 
always associated with a demonstrable intrapulmonary lesion (97.4 
per cent). 

5. The moderately coarse réle is almost always (98 per cent) associated 
with demonstrable intrapulmonary lesions, as seen in the X-ray plate. 
The fine rale is of somewhat less importance (80 per cent) in diagnosis. 

6. When rales are found only at the base, their diagnostic significance 
for pulmonary tuberculosis is questionable. 

7. R&les lose in diagnostic significance for pulmonary tuberculosis as ’ 
they occur in isolated areas from the upper third of the lung downward 
(apex to middle to base). 
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THE INTRACUTANEOUS REACTION OF THE TUBERCU- 
LOUS TO GLYCERINE BOUILLON AND TUBERCULIN 


F. H. HEISE anp LAWRASON BROWN 
Trudeau, New York 


Intracutaneous tests were given with tuberculin and glycerine bouillon 
to determine to what extent, if any, the inflammatory reaction to tuber- 
culin in the skin was due to the glycerine bouillon content of the tuber- 
culin. The glycerine bouillon was prepared and evaporated in the same 
way as though O.T. were being made. Dilutions of glycerine bouillon, 
which is hereafter called G.B., and tuberculin were made decimally and 
0.1 cc. was the volume of solution always employed. The tests were 
given at the same time in the same forearm, the tuberculin being proxi- 
mal or, in some instances, lateral to the G.B. Measurements were made 
at the end of twenty-four and forty-eight hours. 

The initial dose was 0.000,000,1 cc. G.B. and 0.000,000,1 cc. tuber- 
culin, and, if no inflammatory zone of at least 18 mm. diameter resulted, 
ten times this dose was given on the next injection, three or four days 
later. When no reaction resulted, the dose was increased ten times at 
each subsequent injection until an inflammatory reaction of at least 
18 mm. resulted. The volume of the dose remained 0.1 cc. 

In all, 443 cases were tested. Of these, 377 or 85 per cent reacted to 
tuberculin only, 17 or about 4 per cent reacted to tuberculin and G.B., 
and 4 or 0.9 per cent reacted to G.B. only. In the last instances it is 
quite certain that a mistake was made in copying the reaction under 
the wrong heading on the cards used for the purpose. 

In 45 cases the tuberculin produced a reaction of 18 mm. and the G. B. 
one of 10 mm. at the same time. Therefore, on the basis of an 18 mm. 
reaction (inflammation), it may be said that 422 of 443 tuberculous 
persons (95 per cent) reacted to tuberculin only. 

The majority of the cases reacted to a dose of 0.000,1 cc.O.T. It may 
be said, therefore, that in the doses used the G.B. had but little tendency 
to cause reactions (inflammation) in the skin of the tuberculous. 

In order to see whether the above conditions held true for guinea pigs, 
a series of skin tests with tuberculin and G.B. was given to guinea pigs. 
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In all, 12 pigs were used in the experiment. The intradermic skin tests 
were given with 0.1 cc. of a 5 per cent solution of tuberculin O.T. and 
0.1 cc. of a 10 per cent solution of G.B. on the first day. These tests 
were all negative after twenty-four and forty-eight hours. Four days 
later these guinea pigs received 0.25 cc. of a 10 per cent solution of G.B. 
and two days later 0.5 cc. of a 10 per cent solution of G.B. and two days 
later (eighth day) 0.1 cc. of full strength G.B. All the above skin tests 
were negative with the exception of two (0.1 cc.), which were questionably 
positive. 

On the eleventh day 0.1 cc. of a thin emulsion of human tubercle 
bacilli was injected infraperitoneally. On the twenty-first day 0.25 . 
cc. of a 10 per cent solution of G.B. and 0.1 cc. of 5 per cent O.T. were 
injected into the skin. Two of the guinea pigs showed reactions to the 
tuberculin. None reacted to G.B. On the twenty-ninth day 0.50 cc. of 
a 10 per cent solution of G.B. and 0.1 cc. of 5 per cent O.T. were given 
into the skin and 7 guinea pigs reacted to the tuberculin. None reacted 
to G.B. 

On the thirty-seventh day 0.1 cc. of full strength G.B. and 0.1 cc. of 
5 per cent O.T. were injected into the skin. All 12 guinea pigs reacted to 
the tuberculin and 2 to the G.B. as well. These two were the same that 
reacted questionably to 0.1 cc. of full strength G.B. on the eighth day. 

On the thirty-ninth day 7 guinea pigs died. Four lived for several 
weeks and one for several months. At autopsy, all showed extensive 
tuberculous hepatitis, splenitis, mediastinal and mesenteric adenitis, 
and omental and slight pulmonary tuberculosis. 

We realize that only a very small number of animals was used and 
that the results cannot be looked upon as conclusive. However, they 
are suggestive. In the adults the number of tests is very much larger 
and consequently of more significance. 


CONCLUSIONS 


Glycerine bouillon prepared as described, is not of itself likely to pro- 
duce inflammatory reactions of 18 mm. diameter in the skin of healthy 
guinea pigs when given up to 0.1 cc. of a 100 per cent solution. 

Two of 12 tuberculous guinea pigs gave a positive reaction to 0.1 cc. 
of 5 per cent O.T. This shows that at times G.B. does give a positive 
skin reaction when given at the same time as tuberculin in some tubercu- 
lous guinea pigs. In the adult human beings approximately 5 per cent 
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of 443 cases reacted to G.B. About one-fifth of these can be attributed 
to error. This leaves 4 per cent which reacted to G.B. and tuberculin; 
weakening to this extent the value of the tuberculin skin test as a specific 
test. On the other hand, a hypersensitive patient may react to G.B. 
during a reaction produced by tuberculin. 


We wish to express our thanks to Dr. Kakaturo T, Sasano who performed the guinea 
pig tests for us. 
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AN ATTEMPT TO DIFFERENTIATE HUMAN AND BOVINE 
TUBERCLE BACILLI BY MEANS OF THE 
ANAPHYLACTIC REACTION 


H. J. CORPER anp SALING SIMON 


Research Department, National Jewish Hospital for Consumptives, Denver, Colorado 


To keep pace with the theories promulgated to express the various 
ideas on anaphylaxis and allergy especially as it applies to tuberculosis 
is an almost Herculean task. It seems far simpler without referring 
to theories and ideas merely to adhere to the facts which have been 
observed and in most cases corroborated. The phenomena of acute 
protein anaphylaxis and the immediate local skin manifestation of this 
phenomenon, as also the characteristic local tuberculin skin reaction, 
are too well known to merit exhaustive explanation. Just where to 
place the changed tissue manifestation to a second injection of tubercle 
bacilli, first described by Robert Koch, in this assembly of reactions 
is difficult to state, yet no one acquainted with these phenomena can 
doubt but that it may belong in this category and may be an expression 
either of some of the individual phenomena or their varied combinations 
or manifestations. 

In defining anaphylaxis Wells (1) states that at least the following 
criteria must be met. 


1. The observed toxicity of the injected material must depend upon the 
sensitization of the animal, that is, the substance must not produce similar 
symptoms in nonsensitized animals. 2. The symptoms produced must be 
those characteristic of anaphylactic intoxication as observed in the usual reac- 
tions with typical soluble proteins, being therefore the same for all antigens 
with the same test animal, but differing characteristically with each species , 
of animal. 3. It should be possible to demonstrate passive sensitization with 
the serum of sensitized animals. 4. It should be possible to demonstrate 
typical reactions in the virgin guinea pig uterus strip. 5. It should be 
possible to demonstrate amelioration or prevention of bronchial spasm in 
guinea pigs by proper use of atropin and epinephrin. 6. The possibility that 
the observed symptoms are caused by capillary thrombosis or embolism must 
be excluded. 7. After recovery from anaphylactic shock there should be 
exhibited a condition of desensitization under proper conditions. 
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He differentiates the terms anaphylaxis and allergy as follows: 


Reactions produced by substances not coming within this class cannot 
properly be considered as true anaphylactic reactions unless they can be 
demonstrated to exhibit the same phenomena (as soluble protein antigens). 
The term allergy is broad enough to cover all those manifestations of altered 
reactivity and to indicate their relationship to one particular form of allergy, 
anaphylaxis. 


Wells also points out that, on account of the difficulty of differentiating 
‘‘anaphylactoid” reactions produced by agar and numerous other 
substances given intravenously, it is preferable to use the intraperitoneal 
route. He likewise calls attention to the fact that whole proteins are 
necessary to produce anaphylaxis and that much of the work with 
cleavage products and commercial ‘“‘peptones” is worthless. True 
soluble toxins and tuberculin, despite the fact that they produce a certain 
type of hypersensitiveness, are not anaphylactogens in the strict sense. 
The demonstration that anaphylactic sensitization can be transferred 
to a normal animal by injection of blood or serum from a sensitized 
animal has been generally accepted as establishing anaphylaxis as a 
typical antigen-antibody reaction. 

Anaphylactic reactions have been produced in many species of mam- 
mals, but only in the guinea-pig, rabbit and dog has the process been 
thoroughly studied. The striking fact soon developed that in each 
species its features were different and were always the same in any given 
species without relation to what antigen was being used. Sensitized 
animals may be refractory to anaphylactic reactions, that is, in a condi- 
tion of antianaphylaxis, not only because of saturation or exhaustion 
of the fixed antibodies, but because the presence of free antibodies in 
the circulating blood prevents the antigen from coming in contact with 
the intracellular antibodies. There has been much confusion in the 
literature because of the careless use of the term antianaphylaxis: to 
cover all refractory conditions. This term should logically be applied 
only to a resistance due to antibodies, using the term desensitization 
for the condition which it describes. It is this form of antibody resis- 
tance, true specific antianaphylaxis, which accounts for the failure to 
obtain anaphylactic shock in guinea pigs immunized to a foreign 
protein by repeated injections. Another form of refractoriness, which 
is essentially a desensitization, may occur when a large sensitizing dose 
is given. Nonspecific transitory reduction of the intensity of anaphy- 
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lactic reactions may be produced by intravenous injection of numerous 
substances shortly before giving the intoxicating dose. Limited to 
typical anaphylaxis with protein antigens, the anaphylaxis reaction 
exhibits exactly the same degree of specificity as obtained with the 
complement fixation or precipitin reactions. 

Coca (2), in presenting restrictive definitions of the terms in general 
use in the literature of hypersensitiveness and to classify the known 
phenomena of peculiar physiological reaction in accordance with these 
definitions, states: 


It may be that the term hypersensitiveness will always be needed for 
use in a general sense applicable to conditions of nonspecific, exaggerated 
or unusual reactivity on the part of a living organism. Such conditions are 
illustrated in the exaggerated sensitiveness to light of the eye in conjunctivitis. 
There are, however, two groups of the phenomena of peculiar, physiological 
reactivity, which on account of definite constant features, can be separated 
from the others etiologically and these, though themselves of different etiology 
(etiology refers, here, to the origin of the underlying condition, not to the 
exacting agents, which are often identical in both groups), can be associated 
under the heading Aypersensitiveness. ‘These two groups have been designated 
with the familiar terms anaphylaxis and allergy. From the determinating 
features of these two groups has been drawn the following definition of true 
hypersensitiveness; namely, a condition of specific or particular reactivity, 
with characteristic symptoms, to the administration of or contact with any 
substance in a quantity which to most of the individuals of the same species 
is innocuous. . . . . By the terms of the definition the tuberculin 
reaction of Koch and the so called toxin hypersensitiveness are excluded from 
the category of true hypersensitiveness, because (1) the symptoms of the 
tuberculin reaction are the same in all animal species, and (2) the symptoms 
of toxin hypersensitiveness are not different from those of the normal physi- 
ological effect of the agent. . . . The terms anaphylaxis and allergy 
are not synonyms but are mutually exclusive terms. Anaphylaxis is a state 
of true hypersensitiveness that is due to the presence in certain tissues of 
specific antibodies. The symptoms of anaphylaxis are caused by the meeting 
of these antibodies with the respective antigen in those tissues. 


Certain characteristics of allergy resemble those of anaphylaxis but 
in other respects the two conditions are diametrically dissimilar. In 
summarizing the difference Coca states, ‘Anaphylaxis is an experi- 
mental, or induced, nonheritable hypersensitiveness due to the presence 
of specific antibodies in certain tissues. Allergy is a natural inherited 
condition of hypersentiveness, which effects only human beings and is 
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not dependent in any way on immunological antibodies.” Kolmer (3), 
on the other hand, believes that there are true anaphylactic skin reactions. 

Baldwin (4), in 1910, showed that guinea pigs could not be made 
skin-sensitive by implanation of porous filter capsules or celloidin 
capsules containing tuberculo-protein or living tubercle bacilli. Skin 
sensitiveness could never be produced without actual infection with 
living germs. Animals treated with tuberculo-protein, however, often 
showed reactions, which could be recognized as anaphylactic, to intra- 
venous inoculation of the homologous preparation. In summarizing 
he states: 


Tuberculous animals become sensitive to anaphylactic test, but not uni- 
formly so. There is no absolute relation between the degree of sensitiveness 
and the stage of the disease. Injections of the tuberculo-protein may sensitize 
normal guinea pigs. Sensitized guinea pigs, however, do not react to the 
ordinary tuberculin test, though some respond slightly to the intradermal 
test. This difference between anaphylactic sensitization and tuberculin 
reactivity need not be fundamental, as it is possibly due to another factor 
as yet undetermined. 


His experiments on passive anaphylaxis to tuberculo-protein were 
inconclusive. 

In 1911 Krause (5) noted- that practically any parenteral route by 
which a sufficient quantity of tuberculo-protein can be introduced 
may be used in sensitizing an animal; sensitization can be obtained with 
0.05 mgm. of tuberculo-protein. The shortest incubation period was 
six days and the longest duration of the hypersensitive state two hundred 
eighty-six days. He was unable to produce passive hypersensitiveness 
with the serum of tuberculous animals, but believed it possible under 
proper conditions. In 1913 Austrian (6) was able to obtain all the 
manifestations of typical hypersensitiveness to protein in guinea pigs 
with aqueous extracts of tubercle bacilli, with albumose-free tuberculin 
and old tuberculin that has been freed from glycerol and made poor in 
salts. Intraperitoneal sensitization was used and the postorbital, 
cardiac or intravenous route for intoxication. The passive transference 
of this hypersensitiveness was also obtained. 

Krause (7) stated in 1917 that it is easily possible to sensitize guinea 
pigs to tuberculo-protein so that they will give typical systemic anaphy- 
lactic reactions, but such sensitized animals do not show cutaneous 
hypersensitiveness to tuberculo-protein, nor are they protected against 
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infection with the tubercle bacillus. Skin sensitiveness can only be 
obtained by producing an actual tuberculous infection somewhere in 
the animal and, when this tissue reactivity has developed, it is found 
that the animal has the power to produce acute inflammatory reac- 
tions about injected bacilli, whereby its resistance is enhanced. White 
(8), testing the cold alcohol-soluble and hot alcohol-soluble, cold alco- 
hol-insoluble constituents of three lots of virulent tubercle bacilli, 
found them not to possess antigenic properties in amounts of 25 to 100 
mgm. by the anaphylactic reaction. None of the preparations, when 
injected intravenously into guinea pigs previously sensitized with tuber- 
culo-protein, produced any anaphylactic symptoms whatever. Zinsser 
(9) found in tuberculous animals that positive skin reactions were usually 
obtained within nine or ten days after inoculation, the earliest being 
between the sixth and seventh days. At this time the animals were 
never anaphylactic by the Dale uterus method previously applied suc- 
cessfully by Weil (10). An animal, inoculated subcutaneously with 
tubercle bacilli and tested three weeks after inoculation, showed a 
,powerful anaphylactic uterine reaction, as well as skin reaction, indicat- 
ing (1) that guinea pigs suffering from infection with tubercle bacilli 
may become both skin reactive and anaphylactic; (2) that the skin reac- 
tion develops early and may exist without any detectable signs of general 
anaphylaxis as evidenced. by the uterine reaction; (3) that within three 
weeks or later, after the animals are still in fairly good condition, the 
skin reaction and the uterine reaction may coexist. Zinsser states 
that “it is during this period that a simulated parallelism may have led 
others, working with a less delicate anaphylactic method, into confusion. 
Toward the end, when the guinea pigs are moribund, both the skin 
reaction and general anaphylaxis may fade, another feature which 
simulates parallelism.” 

Guinea pigs treated with extracts of tubercle bacilli do not develop 
delayed reactions of the tuberculin type and, with very few exceptions, 
the latter are entirely lacking in guinea pigs rendered anaphylactic by 
sensitization with tubercle bacillus products; tuberculin hypersensitive- 
ness is associated particularly, perhaps solely, with the existence of an 
infection. Zinsser concludes that 


under the influence of contact with living tubercle bacilli, two distinct 
varieties of hypersensitiveness develop in guinea pigs. One of them, true 
anaphylactic hypersensitiveness, develops late and can be readily induced 
by appropriate treatment with dead bacterial materials, extracts, etc. The 
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other, the typical tuberculin reaction, may be regarded as infection phenomena, 
for, while we may eventually succeed in inducing these reactions by modified 
methods of sensitization, they are most easily and characteristically elicited as 
soon as an infection is established, while, to date, they have but rarely and 
atypically followed upon any form of artificial sensitization. 


In 1920 Fiirth (11) reported on highly interesting experiments, in 
which he was apparently able, by means of the anaphylactic reaction 
in guinea pigs, to differentiate different types of acid-fast bacilli from 
each other, for the purpose of determining the practical antigenic value of 
cold-blooded and other bacilli for vaccination purposes. Unfortunately 
he used the intravenous method of Ungermann and Selter, who he states 
found 100 to 150 mgm. of bacilli intravenously satisfactory for the 
second injection and as small a dose as one milligram for the first sensi- 
tizing injection. Death usually occurred within twenty-four hours, 
or with typical anaphylactic symptoms in a few minutes. The strains 
tested by Fiirth were a Valleé strain, Friedmann’s turtle bacillus, grass 
bacilli and avian bacilli. The text of the paper is rather confusing in 
regard to the actual experiments performed. A table reports on a 
primary intraperitoneal injection of from 0.001 to 0.01 gm. of Valleé’s 
tubercle bacilli, 0.001 to 0.1 gm. of avian bacilli, 0.001 to 0.1 gm. of grass 
bacilli and 0.002 to 0.1 gm. of turtle bacilli, while the second injection 
twenty-three to thirty-two days later consisted of an intravenous in- 
jection of 0.05 gm. of dead human bacilli, turtle, and grass bacilli, and 
an intraperitoneal injection of 0.5 gm. O. T., a total of 29 guinea’ pigs 
being used. The conclusions drawn were that the grass and turtle 
bacilli are not antigenic for human bacilli, while the Valleé and avian 
strains produced disease in the guinea pigs and were also antigenic. The 
data, however, are inconclusive for two reasons, in that the second in- 
jection was given intravenously, thus leading to possible anaphylactoid 
reactions and that many of the animals were markedly tuberculous from 
the primary injection which may make an intravenous injection of any 
suspension produce fatal results. 


Our studies are part of a more complete investigation regarding ana- 
phylaxis, allergy, and the hypersensitive state in tuberculosis and their 
relation to immunity. Since anaphylaxis is produced by tubercle 
bacilli and their products, the possibility of being able by this means to 
differentiate different strains of tubercle bacilli was kept in mind in 
planning this study to determine whether the presence of tuberculosis 
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or tubercle in the guinea pig bore any relation to the state of anaphylaxis. 
Since tubercle may be produced by either dead or living bacilli both types 
of bacilli were used. To obviate in any way the possibilities of ‘‘ana- 
phylactoid” reactions, all primary inoculations of tubercle bacilli, alive 
or dead, were made subcutaneously and all second or intoxicating in- 
jections were made intraperitoneally. To cover the entire range of 
possibilities in using living bacilli, the primary (sensitizing, infecting or 
tubercle-forming) injection was given subcutaneously, using three 
strains of human tubercle bacilli (uwman, an avirulent human strain, 
and Gluckson and Galinsky, virulent human strains) of widely differing 
range of virulence for guinea pigs and two bovine strains (bovine avirulent 
and bovine virulent). The second or intoxicating injection was given 
intraperitoneally in doses of 0.001 to 1.0 gm. of the same bacilli, testing 
each strain against itself and all the others for possible strain-specificity. 
The second injection was given twenty-two to twenty-nine days after 
the primary injection. To determine the presence of nonspecific reac- 
tions the various guinea pigs, given primary injections of tubercle 
bacilli, were also tested twenty-nine days later by intraperitoneal in- 
jections of suspensions of living staphylococcus aureus, in conformity 
with this experiment in that living bacilli were used throughout. In all 
the studies caution was exercised to prevent transferring antigenic sub- 
stances by using only thoroughly cleaned syringes and only for one 
substance between the separate cleansings. In different cultures for 
the primary injection a wide range of tuberculosis was obtained, and 
postmortem examinations were made on every guinea pig twenty-four 
hours after testing for anaphylaxis, so that this could be correlated 
with the anaphylactic findings, to obviate the possible absence of reaction 
due to a moribund or advanced tuberculosis in the animal at the time 
of testing. Duplicate animals were also tested in each set to avoid 
possible difference due to individual characteristics. All the bacilli 
used were taken from young cultures, not over two months old and 
actively growing at incubator temperature at the time. The bacilli 
were carefully and well ground into a fine suspension for injection, to 
attain as far as possible efficient and complete tissue contact, which 
might not have been the case had large lumps of bacilli been used for 
injection. The detailed data are given in table 1. 

A careful survey of the results obtained in the above experiment and 
tabulated in table 1 indicates that the reaction of tuberculous guinea 
pigs (infected by subcutaneous injection) to a second (intraperitoneal) 
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injection of 0.001 to 1.0 gm. living tubercle bacilli, given twenty-two to 
twenty-nine days after the primary (infecting) injection, did not produce 
symptoms which were not obtained by similar intraperitoneal injection of 
tubercle bacilli in normal animals, or which were not obtained with large 
amounts (0.5 gm.) of living staphylococcus aureus injected intraperi- 
toneally into (nonsensitized) normal guinea pigs. In no case in this 
experiment was a typical acute anaphylactic reaction noted, such as is 
characteristic of the phenomenon when soluble proteins are used. In 
the larger doses (1.0 gm.), living tubercle bacilli given intraperitoneally 
were found to be profoundly toxic, producing an acute and early death 
of the animal. A correlation was noted between the toxicity of living 
tubercle bacilli injected intraperitoneally into tuberculous guinea pigs 
at the time of injection. There was noted no difference in this respect 
between guinea pigs infected with one strain and given the subsequent 
intraperitoneal injection with the same strain of bacilli, human or 
bovine, or any other one of the five strains tested. The virulence of the 
strain used for the second injection also played no part in this. 

In order to corroborate further the above experiments, as well as 
to determine whether any anaphylactic antigenic property existed in 
heat-killed bacilli, a series of guinea pigs was given subcutaneous in- 
jections of one, 10 and 100 mgm. of heat-killed, human tubercle bacilli 
(human avirulent and Gluckson highly virulent strains) and virulent 
bovine baciili (bovine virulent). Twenty-five days later these animals 
were given a second injection of living and heat-killed Gluckson bacilli, 
in amounts of 0.1 and 1.0 gm., intraperitoneally. The bacilli were 
killed by placing the flask containing them in a boiling water-bath for 
about one hour. Notation of local tubercle was made at the time of the 
second injection and systemic changes in the animals were also looked out 
for. In nocase wasa systemic tuberculosis found in the animals examined 
within a few days after the second injection, although there was a marked 
peritoneal involvement from this injection. The local tubercles varied in 
size, according to the amount of the primary injection given. O. T. 
was incidentally used in this experiment as an additional test for the 
antigenic value of the dead tubercle bacilli. The results of this second 
experiment are given in table 2. 

An examination of table 2 reveals that dead human (avirulent and 
virulent) and bovine (virulent) tubercle bacilli, injected into guinea 
pigs subcutaneously, in amounts of from 1 to 100 mgm., do not act as 
antigens for the anaphylactic reaction to a second injection of living or 


guinea pigs sensitized with heat-killed bacilli and tuberculin 


duce anaphylaxis with living and heat-killed tubercle bacilli and tuberculin in 
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dead human (Gluckson) tubercle bacilli, injected intraperitoneally in 
amounts of 0.1 to 1 gm. twenty-five days later, even though distinct 
local tubercles produced by the dead bacilli exist at the time of the second 
injection. Likewise, a second intraperitoneal injection of full strength 
O. T., in amounts of 2 to 5 cc., produces no appreciable general anaphy- 
lactic reaction in guinea pigs given a primary subcutaneous injection 
of dead human or bovine tubercle bacilli twenty-five days previously. 
However, guinea pigs given an intraperitoneal injection of O. T., in 
amounts of 1 to 5 cc. twenty-five days prior to a second intraperitoneal 
injection of 2 to 5 cc. of tuberculin, died within one to two days after 
the second injection, although definite acute anaphylactic symptoms 
were not seen, the intraperitoneal injection of this amount of tuberculin 
acting in itself as a distinct peritoneal irritant. 


SUMMARY 


Tuberculous guinea pigs, infected subcutaneously, do not react in a 
manner characteristic of general anaphylaxis to a second (intraperitoneal) 
injection of from 0.001 to 1.0 gm. living tubercle bacilli, given twenty- 
two to twenty-nine days after the primary (infecting) injection. The 
symptoms obtained in the tuberculous animals were identical to those 
obtained in normal animals given the same intraperitoneal injection. In 
no case was a typical acute anaphylactic reaction seen, such as occurs 
with soluble proteins. In the larger doses (1.0 gm.) living tubercle 
bacilli as well as dead (heat-killed) bacilli, given intraperitoneally, were 
found to be profoundly toxic, producing an acute and early death of 
the guinea pig. A correlation was noted between the toxicity of the 
living tubercle bacilli injected intraperitoneally and the amount of 
generalized tuberculous involvement existing in the guinea pigs at the 
time of injections. No difference was noted between the reaction of 
guinea pigs infected (subcutaneously) with one strain (human or bovine) 
and given the second intraperitoneal injection with the same strain of 
bacilli or any other one of the five strains studied. The virulence of the 
strain was also of no significance in producing a variable effect. Dead 
numan and bovine tubercle bacilli, injected subcutaneously into guinea 
pigs in amounts of from 1 to 100 mgm., sufficient to produce distinct 
local tubercles, did not act as antigens for the general anaphylaxis 
reaction to second intraperitoneal injections of living or dead virulent 
human tubercle bacilli, in amounts of 0.1 to 1 gm., or to full strength 
O. T. (2 to 5 cc.), given twenty-five days later. The anaphylaxis reac- 
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tion in guinea pigs is not suited to differentiate various strains of human 
and bovine tubercle bacilli. 
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AN EXPERIMENTAL STUDY ON THE BEHAVIOR OF 
EXTRAVASATED BLOOD IN THE LUNGS 


H. J. CORPER, O. S. KRETSCHMER anv MAX B. LURIE 
Research Department, National Jewish Hospital for Conswmptives, Denver, Colorado 


There is little information to be found concerning the disposition of 
blood in the lung after hemoptysis. It is commonly believed that the 
blood, if retention occurs, is within a short time and to a great extent 
eliminated by way of the larger air passages. The mechanism of its 
being aspirated into the alveoli and finer air divisions has been given 
very little consideration. That the latter occurs quite frequently when 
fluids enter the lower respiratory tract has been emphasized by the 
recent studies by one of us (1) on the pulmonary aspiration of fluids 
containing particulate matter. It was found that the immediate in- 
trapulmonary distribution of inhaled particulate matter (smoke or soot) 
differs from that of the inspiration or aspiration of particulate matter 
suspended in fluids (india ink). The former is found heaped up at the 
points of bifurcation of the air. passages or on any prominent projections, 
as may be seen in microscopic sections, with relatively little being retained 
in the alveoli; while the inspired fluid quickly reaches the alveoli, where 
its insoluble particles are retained for a comparatively long time (ob- 
servations to date have extended over twelve months in rabbits) by the 
trap-like action of these terminal air vesicles. While the inhaled particles 
are fairly uniformly distributed throughout the entire lung, the inspired or 
aspirated fluid is irregularly distributed, and its location is determined toa 
great extent by posture. The pulmonary inspiration or aspiration of 
fluids after nasal instillation occurs readily in dogs and rabbits under ether 
anesthesia and in the horizontal posture with the head slightly elevated. 
The inspired fluid is confined to the upper lobes of the lungs and to the 
side on which the animal lay, while without anesthesia, repeated nasal 
instillations are usually unsuccessful in this posture. In the vertical 
posture, however, the inspiration of fluids into the lungs is easily attained 
in rabbits, but less so in dogs without anesthesia, the fluid being found 
mainly in the lower lobes. The postural distribution can be imitated 
in an artificial thorax, indicating that it is determined by mechanical 
means, gravity and inspiration or aspiration. 
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As early as 1875 MacDonald (2) published an experimental study on 
Bronchial Hemorrhage, which still merits consideration. The experi- 
ments were made on dogs, cats and rabbits, given injections (2 to 3 
drams) of blood into the trachea. The animals were examined from a 
few hours to ten days later. Generally it was noted that the blood readily 
enters the air vesicles from the bronchi. The roots of the lungs were 
most commonly affected, particularly in the left lung. The presence 
of the blood had a tendency to set up irritation sufficient to cause a 
“morbid action” in the vesicles. This “morbid action” included the 
presence of large cells in alveoli containing blood, which began to appear 
two to three hours after the blood reached the alveoli. They increased - 
in number until the fifth to sixth day when the alveoli were almost 
completely filled with them. As to blood in the pleura MacDonald 
referred to work by Trousseau and Le Blanc, who found that blood in- 
jected into the pleural cavity of horses coagulated as soon as “‘it is 
poured out” and that it there ‘excites only a moderate amount of irri- 
tation” and “that it is very rapidly absorbed” (after forty-eight hours). 
In applying his studies clinically, MacDonald concluded ‘‘that much 
of the evil resulting from bronchial hemorrhage is due to the blood 
finding its way into the air cells.” The one great aim of treatment must 
be to prevent this occurrence and for this purpose the patient should be 
put on his sound side. “‘The blood will thus havea tendency to gravitate 
into the trachea from the bronchi, rather than from the bronchi into 
the pulmonary alveoli.” The inflammatory reaction produced in the 
alveoli is called a ‘‘catarrhal pneumonia.” ‘The catarrhal pneumonia 
thus excited may terminate favorably by the ninth or tenth day, or it 
may proceed to a fatal termination, the disease in this case being chronic 
pneumonia, and not tubercular, or the so called phthisis ab haemoptoe.” 

That apparently inert substances can produce a reaction of at least 
mild type in the alveoli and sometimes attaining surprising extent 
is brought out by a number of recent studies. Sloboziano (3) found 
that the intrapulmonary introduction of antipneumococcus serum pro- 
duces grave pathological changes, even as little as 5 or 6 cc. provoking 
hemorrhages and edema and congestion in dogs’ lungs. Corper and 
Freed (4) found that substances as bland as olive oil and liquid 
petrolatum, injected intratracheally, would quickly be aspirated into 
the alveoli and, retained there a long time, induce a mild interstitial 
pneumonitis, while chaulmoogra oil had a marked action. Heiman 
and Aschner (5), in a study of infants who died after the aspiration of 
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stearate of zinc powder, found that this apparently inert substance 
produced a marked proliferative bronchopneumonia while talcum set up 
a mild interstitial pneumonitis. 

In 1921 Van Herwerden (6), in studying methods for obtaining non- 
coagulated blood for tissue culture work, found that blood which had 
accidentally entered the pleural cavity of the rat would not clot later, 
even after considerable manipulation. In a number of other animals, 
such as the rat, mouse, rabbit and guinea pig, he found that the slightest 
contact with the pleura was sufficient to prevent clotting, while pericardial 
contact had no such effect. He states that “One is astonished that 
‘this simple method of obtaining unclotted blood from the pleural cavity 
of test animals was not previously known.” Rabbit’s blood from the 
pleural cavity, when diluted with twice its volume of distilled water, 
did not clot at body temperature. Addition of 0.1 per cent calcium 
salts or the fibrin ferment of Schmidt also did not produce clotting. A 
large amount (100 cc.) of cow’s blood added to 10 cc. of pleural blood 
from guinea pigs coagulated only after three hours. He believes that a 
‘“‘contra-clotting substance” is added to the blood during its brief 
contact with the pleura. In 1922 in a second brief article, Van Her- 
werden (7) reviewed the literature for the first time, and cited two 
experiments in an attempt to justify his previous contention. In a 
rabbit under deep anesthesia, the left heart was opened and blood allowed 
to enter the pleural cavity. Twenty minutes afterward 20 cc. were 
removed. They contained a few clots which Van Herwerden claimed 
to be unavoidable. The addition of twice the volume of water to this 
blood did not cause coagulation. The clear hemolyzed liquid, obtained 
after centrifugation, gave no precipitate with sodium chloride when 
heated at 60°C. or upon the addition of fibrin ferment, while 75°C. 
gave a precipitate of globulin. An equal volume of oxalated horse 
blood resulted in coagulation. It is concluded that the blood removed 
from the pleural. cavity of the rabbit contains no fibrinogen but does 
contain thrombin. The question then arises whether the fibrinogen 
is removed in orginal form or is changed to some unknown form or 
whether it is removed as fibrin. This was studied in a second rabbit 
by determining the fibrin content of blood from the pleural cavity and 
comparing this with the blood from the circulation which had not come 
in contact with the pleura. A rabbit was killed with chloroform, 
and 8 cc. of blood were withdrawn from the left heart for analysis. 
The heart was then opened so that blood ran into the pleural cavity. 
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It was removed ten minutes later for analysis. Both bloods were 
diluted with four volumes of distilled water and after centrifugation 
the sediment was washed, dried and weighed. Analysis of the normal 
blood gave 0.02 gm. fibrin in 8 cc. (0.25 per cent) and of the pleural 
blood 0.09 gm. in 30 cc. (0.3 per cent). Van Herwerden concluded that 
the fibrinogen had changed to fibrin, yet he could not agree with authors 
who claimed that the movements of the heart and lungs are necessary 
for this change to occur, because he found this phenomenon still present 
in animals completely at rest. His own experiments seem to contradict 
some of his former conclusions. 

Before Van Herwerden’s publications, however, there appeared in 
1916 a fairly complete study on the coagulation of blood in the pleural 
cavity by Denny and Minot (8). They repeated the experiments of 
Zahn and Walker on dogs, and found that after the intratracheal in- 
jection of homologous, normal, whole blood into the pleural cavity of 
dogs the blood remained fluid, but there was always found a small clot 
around the hilum of the lung. If the blood was injected more rapidly 
a larger clot formed. After withdrawal of the pleural blood, the serum 
therefrom did not give a precipitate on heating to 60°C., nor clot after 
the addition of thrombin, while the addition of fibrinogen resulted in a 
clot after some hours’ incubation. The antithrombin content of this 
serum was not altered. Serum and Ringer’s solution introduced into 
the pleural cavity did not lose any of their coagulation-hastening 
properties. Fibrinogen solution injected into the pleural cavity did 
not clot, but it did clot upon the addition of thrombin. If fibrinogen 
solution, followed in ten minutes by thrombin, was injected, a large 
clot was found in the pleura twenty minutes later. If fibrinogen and 
thrombin were mixed and then injected, a clot formed and the fluid 
part behaved like the fluid portion removed after the injection of whole 
blood. The authors conclude that, when whole blood is injected into 
the pleural cavity, clotting occurs; and the experiments with artificial 
solutions parallel those with whole blood, indicating that the failure of 
blood from the pleural cavity to coagulate is due to a defibrination. 

As has been mentioned, the purpose of the studies to be reported in 
this contribution was to gain an insight into the mechanism of blood- 
retention in the lungs and the fate and disposition of such blood after 
it once entered the lower respiratory tract. In order to make the study 
more complete and to note any differences between the immediate changes 
occurring in blood entering the pleural and peritoneal cavities experi- 
ments on these points have also been included. 
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THE INTRATRACHEAL INJECTION OF BLOOD 


In a series of 9 rabbits the fate and changes occurring in blood aspirated 
into the alveoli, following the intratracheal injection of the animal’s 
own blood, were studied. Blood was quickly withdrawn from the 
recipient’s jugular vein and injected intratracheally before clotting 
occurred, with the head elevated about six inches, the purpose being 
to note whether there was any interference with clotting after the blood 
had entered the pulmonary parenchyma. Six of the rabbits received 
1.5 cc. intratracheally and their lungs were examined every day from 
one to six days thereafter, while 3 received intratracheally 6 cc. of their 
own unclotted blood and their lungs were examined one, two and four 
weeks thereafter. The examinations comprised the noting of any mac- 
roscopic changes, such changes as were perceptible to touch at the site 
of localization of the blood in the lungs and a microscopic study. The 
microscopic study was made on sections stained by hematoxylin and 
eosin, Weigert’s specific fibrin stain and methylene blue (for bacteria): 


Rabbit 1: Received 1.5 cc. of its own unclotted blood, drawn from the right 

external jugular vein, intratracheally, immediately after withdrawal and while 
the animal was under light ether anesthesia. The blood wasobtained by means 
of a sterile 10 cc. Luer syringe and was injected into the trachea after the 
needle had been inserted about One-half inch below the larynx. The rabbit 
was allowed to recover from the ether and was killed after one day by exposure 
to illuminating gas. To thenaked eye the lungs revealed irregular, bright red, 
hemorrhagic, subpleural patches, ranging from 0.1 to 1 cm. in diameter and 
widely distributed. In sections examined microscopically the alveoli in the 
infiltrated areas were found filled with the formed elements of normal blood, 
predominantly red corpuscles. The latter appeared normal and were found 
with a few leucocytes interspersed. The alveolar walls in the infiltrated 
areas were distinctly thickened. 

Rabbit 2: A duplicate of rabbit 1, received similarly 1.5 cc. of its own blood, 
and was killed by exposure to illuminating gas two days later. Macroscop- 
ically the lungs revealed numerous patchy areas of reddish-brown blood, 
especially in the left lung. They varied from 0.5 to 2 cm. in diameter. 
Microscopically the infiltrated areas resembled that found in rabbit 1, except 
that the nucleated cellular elements were more numerous. The alveolar walls 
also appeared thicker. There were many areas in which the blood-infiltration 
was very marked, interspersed with areas in which was less blood, in which the 
proliferation of cells in the alveolar walls occurred. The cellular reaction 
consisted of numerous large endothelial cells with mononuclear and polynu- 
clear leucocytes. 
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Rabbit 3: A duplicate of rabbits 1 and 2, received 1.5 cc. of its own blood 
intratracheally and was killed three days later. Macroscopically the lungs 
revealed mottled patches, of dirty brown, in the right lung especially. These 
areas were distinctly palpable. Microscopically, the infiltrated areas 
resembled those in rabbits 1 and 2, except for a relative decrease of the red 
corpuscle elements and an increase of leucocytes. It was difficult to distinguish 
the alveolar walls in the infiltrated areas. The predominating cell seemed to 
be the endothelial leucocyte. 

Rabbit 4: A duplicate of rabbits 1 to 3, received intratracheally 1.4 cc. of 
its own blood and was killed four days later. Macroscopically, there was 
a pale brown area of infiltration, about 0.5 cm. in diameter, on the pleural 
surface in the upper lobe of the left lung. Microscopically, the infiltrated 
area resembled to a great extent that seen in the sections from rabbit 3. 

Rabbit 5: A duplicate of the above 4 rabbits, received 1.5 cc. of blood and 
was killed five days afterward. Macroscopically, there was a very light brown 
area at the apex of the upper lobe (mesial and external surfaces) of the right 
lung. Microscopically, this lung resembled that from rabbits 3 and 4. 

Rabbit 6: A duplicate of the preceding rabbits, received 1.5 cc. of blood 
intratracheally. Six days later there were found, macroscopically, numerous 
small areas of very pale brown or yellow in the upper lobe of the right lung. 
Microscopically, these resembled the findings in the lungs of rabbits 4 and 5, 
except that the hemoglobin and red corpuscles had to a great extent dis- 
appeared from the infiltrated areas. 


In none of the above lungs were bacteria demonstrable by staining 
methods. The examinations for the presence of fibrin did not prove 
entirely satisfactory but, so far as could be seen, it seemed to be dis- 
tinctly present in very small amount, especially the first day or two after 
blood had been introduced. On account of the difficulty encountered 
after six days in locating by blood pigment color the smaller foci of 
infiltration resulting from the retained blood in the lungs, the above 
experiment was further elaborated by introducing intratracheally into 
three rabbits larger amounts of blood (6 cc.), which might thus possibly 
be discerned by careful palpation. In introducing this amount of 
blood intratracheally into rabbits the precaution was taken to localize 
the blood as far as was possible in one situation, by placing the rabbit 
on its right side while under ether during the injection. In this way 
an immediate suffocation of the rabbit from the large amount of blood was 
avoided, while a large infiltrated area was obtained. 


Rabbit 7: Received by intratracheal injection, while lying in the horizontal 
posture and on the right side during anesthesia, 6 cc. of blood rapidly with- 
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drawn from its internal jugular vein. It was killed by illuminating gas seven 
days afterward. There was a large, pale yellow focus, definitely descernible 
by palpation, in the upper lobe of the right lung. Microscopically this revealed 
many areas in which there was a considerable cellular infiltration, with numer- 
ous large endothelial cells interspersed with small round and spindle-shaped 
nucleated celis and red cells, many of which were still intact but had a pale 
brown granular pigment. In the densely infiltrated areas the alveolar walls 
were not discernible. 

Rabbit 8: A duplicate of rabbit 7, received by intratracheal injection 6 cc. 
of whole blood and was killed two weeks later. There was a large, very pale 
yellow, barely visible focus of induration (perceptible to the touch) in the 
upper lobe of the right lung. Microscopically, this consisted of small areas 
of red blood corpuscles, with pale yellow and brown blood pigment enmeshed 
in large numbers of nucleated cells, mainly of the endothelial type with large 
round and spindle-shaped nuclei. In the markedly infiltrated areas the 
nucleated cellular elements were so dense that alveolar wall outlines were 
indiscernible, while bordering on these areas were alveolar walls, apparently 
thickened as compared with those found at a distance from the infiltrated areas. 

Rabbit 9: A duplicate of rabbits 7 and 8, received 6 cc. of blood intra- 
tracheally, and was killed four weeks later. Macroscopically, there was no 
appreciable area of coloration seen on the pleural or cut surfaces, but a dis- 
tinct, slight induration was felt in the upper lobe of the right lung. Micro- 
scopically, this revealed distinct areas of infiltration similar to those recorded 
above, but in which red blood corpuscles and their pigment disintegration 
products were only sparsely seen in comparison to the earlier preparations 
studied. In the infiltrated areas the large irregular and spindle-shaped 
endothelial cells were numerous, and interspersed with these were small 
round cells with deeply staining nuclei. The entire picture reminded one of 
the type of cellular reaction occurring around foreign substances such as 
cholesterol and paraffine. In the infiltrated areas alveolar structure was 
almost entirely lacking. 


From the above experiments it seems justifiable to conclude that 
homologous blood, which has been injected intratracheally into rabbits 
immediately after being withdrawn from the internal jugular vein, is 
rapidly aspirated into the finer air divisions, where it is retained and 
induces a proliferative reaction on the part of the pulmonary tissues, 
resembling that occurring to mild foreign substances like cholesterol. 
Hand in hand with the cellular infiltration resulting from the presence 
of the blood in the finer air divisions, there occurs a gradual change and 
disappearance of the pigment of,the red blood corpuscles, which is com- 
plete in from one to a few weeks.'@ In the infiltrated areas all semblance 
of alveolar structure is lost, while bordering’on these areas there is a 
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distinct thickening of the alveolar walls. The rate of disappearance of 
the blood-pigment seems to depend upon the amount of blood lodging 
in a given area, and may be complete in from one to four weeks in 
individual cases. After all local macroscopic pigment has disappeared, 
there still remains a distinct induration, which is appreciable to the 
touch and which indicates a persisting proliferative pneumonitis. This 
was still found distinctly present four weeks after the intratracheal 
introduction of the larger amounts of blood (6 cc.), and its persistence 
probably depends on the local reaction to the quantity of blood in situ 
and may possibly far exceed four weeks before normal tissue restoration 
takes place. Sight must not be lost of the fact that microscopic scars 
may persist for comparatively long periods following tissue damage. 


THE INTRAPLEURAL INJECTION OF BLOOD 


In order to study the changes occurring in whole blood, introduced 
into the pleural cavity, 5 rabbits were given from 3 to 6 cc. of unclotted 
normal blood, obtained from the internal jugular vein. One rabbit 
received unclotted normal human blood immediately after its withdrawal 
from an arm vein, one unclotted normal guinea pig blood from the heart, 
one its own citrated blood and one received unclotted (?) blood from the 
pleural cavity of another rabbit which had received its own normal blood 
from the internal jugular vein. The purpose of these experiments was 
to determine the changes occurring in the normal unclotted blood which 
resulted in the loss of clotting power after sojourn in the pleural cavity. 


Rabbit A: Received 3 cc. of blood from the external jugular vein by im- 
mediate injection into the pleural cavity on the right side. Thirty minutes 
later and while the rabbit was under ether anesthesia, the right pleura was 
carefully opened near the diaphragm, numerous hemostats being used to pre- 
vent the oozing of blood into the pleural cavity, and there was withdrawn 
2.5 cc. of the previously injected blood which was then placed.in a clean sterile 
test tube. This blood was then placed in the incubator and was still unclotted 
after two hours. A careful examination of the pleural cavity for the presence 
of clot also resulted negatively. The blood was then kept at room temperature 
for two and one-half weeks, but did not clot, and during this time it changed 
to a deep purple and, finally, a dark maroon color. 

Rabbit B: A duplicate of rabbit A, received 3 cc. of its own blood in the 
pleural cavity, and four hours later 2.8 cc. of the blood was withdrawn. 
Examination revealed a small firm clot on the visceral pleural surface in the 
vicinity of a needle puncture of the lung. The blood withdrawn from the 
pleural cavity remained unclotted for two days. 
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Rabbits C and D: Received 5 and 6 cc., respectively, of their own normal 
blood injected into the pleural cavity. After twenty-four hours, there was 
recovered from the pleural cavities 1.8 and 1 cc. of blood, respectively, which 
remained unclotted for several days at room temperature. Examination of 
the pleural surfaces revealed only a delicate fibrin network, free from cor- 
puscles and resembling very much the yellow clot obtained by whipping 
normal whole blood. 

Rabbit E: A duplicate of the above rabbits, received 5 cc. of its own normal 
blood, and 2 cc. were recovered from the pleural cavity two days later. This 
did not clot when kept at room temperature for several days. Examination 
of the pleural surfaces revealed a barely appreciable delicate fibrin clot near 
the hilum. After withdrawing the blood which had been retained for two 
days from the pleural cavity, fresh blood was permitted to ooze into the oppo- 
site pleural cavity from the tissues while the animal was still under ether, 
whereupon a normal clot promptly formed in the interval before the animal 
died. 

Rabbit F: Received 3 cc. of normal guinea pig’s blood, immediately after 
withdrawal from the heart, by injection into the pleural cavity, and forty-five 
minutes later 2.5 cc. of the blood were withdrawn from the pleural cavity. 
This remained unclotted for eight hours at room temperature. Examination 
revealed a delicate netlike yellow clot on the parietal pleura. 

Rabbit G: Was a duplicate of rabbit F, except that human blood was used 
instead of guinea pig’s blood. The results obtained were identical to those 
obtained with guinea pig’s blood. A sample of all the bloods obtained from 
the pleural cavities in rabbits A to G was tested for the presence of fibrinogen 
by using a portion of the corpuscle-free plasma (?) and adding an equal 
volume of saturated sodium chloride solution. In no case did a coagulum or 
clot form, indicating that the sojourn of the blood in the pleural cavity had 
either completely removed the fibrinogen or that some other chemical change 
had been brought about which required further elucidation. 

For this purpose 15 cc. of whole normal blood were withdrawn from the 
external jugular vein of rabbit H and sufficient sodium citrate (about 0.2 cc. 
of a saturated solution) was added to prevent clotting. Eight cubic centi- 
metres of this mixture were then injected into the pleural cavity of rabbit H, 
and 6 cc. withdrawn one hour later for comparative chemical tests. A sample 
of the fresh citrated plasma and the citrated plasma (?) obtained from the 
pleural cavity were subjected to the heat test and the sodium chloride test for 
fibrinogen with the following results: 


CITRATED PLEURAL 
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Approximately equal amounts of coagulum were obtained in both the control 
and test. The above experiment was repeated with identical results on two 
other rabbbits. 

Rabbit J: Received an intrapleural injection of blood obtained from the 
pleural cavity of another rabbit, that had received its own normal unclotted 
blood by intrapleural injection one hour prior to withdrawal. The blood 
withdrawn from the pleural cavity one hour after introduction into rabbit J 
was free from fibrinogen and no clot of any kind was found on the pleural 
surfaces of rabbit J. 


The experiments on rabbits H and J would strongly indicate that the 
change occurring to the whole unclotted blood introduced into the pleural 
cavities of rabbits with subsequent loss in clotting power is a true defibri- 
nation, with the formation of a delicate fibrin clot on the pleural surfaces. 

In view of Van Herwerden’s experiments, reported in his second 
paper, and the conclusions drawn therefrom, an attempt was made to 
corroborate his findings by duplicating the experiment he cited in 
detail, with slight modification as to the source of the blood used. For 
this purpose 15 cc. of blood were withdrawn from the left internal jugular 
vein into a syringe coated with liquid petrolatum, the animal being under 
light chloroform anesthesia at the time. Five cubic centimetres of 
this blood were citrated by mixing it with 0.5 cc. of saturated sodium 
citrate solution. The rabbit was then rapidly killed by giving an excess 
of chloroform and, as soon as the animal stopped breathing, 10 cc. of 
the normal unclotted blood was slowly injected into the right pleural 
cavity and ten minutes later the chest was carefully opened. Absolutely 
no extraneous blood entered. There was found a definite and complete 
whole blood clot, about 2 to 3 mm. thick, and covering parts of the 
anterior, lateral, posterior and diaphragmatic surfaces of the lung. A 
small amount, about 2 cc., of expressed bloody fluid was obtained from 
the pleural cavity away from the clot over the diaphragm. The bloody 
fluid (apparently hemolyzed blood) upon centrifugation gave no sedi- 
ment and was used for a fibrinogen test, coincident with the plasma ob- 
tained from the citrated whole sample mentioned above. The plasma 
from the citrated blood gave a distinct and heavy gelatinous precipitate, 
both with the sodium chloride and a flocculent heavy precipitate upon 
heating to 60°C., but the bloody pleural fluid did not give even a trace 
of turbidity by either test. 
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THE INTRAPERITONEAL INJECTION OF BLOOD 


Since blood introduced into the pleural cavities lost its fibrinogen by 
the formation of a delicate clot on the pleural surfaces, it seemed of 
interest to note whether this occurred in the peritoneal cavity. 


Rabbit K: Received 3 cc. of its own blood, obtained from the internal jugular 
vein, by intraperitoneal injection, and thirty minutes later 2.5 cc. of this 
blood was withdrawn through an incision in the midline, while the animal was 
under ether. A portion of this blood, allowed to stand at room temperature 
for one hour, formed a delicate clot, while another portion subjected to chemical 
(heat and sodium chloride precipitation) teSts for the presence of fibrinogen 
proved slightly positive. Careful examination of the peritoneal cavity re- 
vealed delicate fibrin thread-like clots along the mesentery. 

Rabbit L: A duplicate of rabbit K, received an intraperitoneal injection of 
6 cc. of normal unclotted blood, and one hour later 4 cc. of blood were removed 
from the peritoneal cavity. The latter remained unclotted for days at room 
temperature and a sample tested chemically revealed no fibrinogen. Careful 
postmortem examination of the peritoneal cavity revealed distinct delicate 
clots on the peritoneal surfaces of the intestines, mesentery and omentum. 

Rabbit M: Received an intraperitoneal injection of 3.4 cc. of unclotted (?) 
blood, obtained from the peritoneal cavity of another rabbit that had received 
its own whole blood by intraperitoneal injection one hour prior to withdrawal 
for injection into rabbit M. The blood, 2.5 cc., was withdrawn from the 
peritoneal cavity of rabbit M one hour after injection into this rabbit. 
Upon standing at room temperature for several days this blood failed to clot 
and a part tested chemically for the presence of fibrinogen proved negative. 
Careful postmortem examination of the peritoneal cavity of rabbit M failed to 
reveal the presence of fibrin. 

Rabbit N: Was anesthetized, the peritoneal cavity opened and blood 
flowing from a puncture wound of the liver was allowed to enter the peritoneal 
cavity. Within a short time a definite, heavy, jelly-like coagulum formed in 
the peritoneal cavity near the site of the liver wound. 


Denny and Minot claimed that, only when deep dyspnoeic respira- 
tions occur, the fibrinogen is whipped out as a clot, but in the above 
experiments only mild and shallow normal respirations occurred, and 
complete defibrination was attained in the pleural cavity in spite of 
this. Our own observations on this point have led to the following 
results: 1. Whole blood injected too rapidly into the pleural space 
forms a massive, complcte blood clot containing all the formed elements. 
2. A very large quantity of blood injected into the pleural space also 
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formed a massive whole blood clot. 3. If the animal is moribund or dead 
a whole blood clot forms. 4. If the animal is normal a whipping process 
occurs in both the pleural and peritoneal spaces, which results in a separa- 
tion of a fine fibrin network, with practically no cellular constituents en- 
gulfed. In the pleural space the respiratory movements and in the 
peritoneal space the movements of the diaphragm and the coincident 
abdominal visceral movements cause the defibrination. 

On account of the importance of calcium salts in the mechanism of 
the clotting of blood, several samples of blood were analyzed for cal- 
cium before and after residence in the pleural cavity of the rabbit by 
the method recently described by Kramer and Tisdall (9). There proved 
to be no change in the calcium content of the serum obtained from the 
blood which had been in the pleural cavity for a period of one hour and 
that which had clotted in vitro. 

The above experiments would therefore lead us to conclude that whole 
normal blood, which has been in the pleural or peritoneal cavity of the 
rabbit for a short period, has lost its clotting power because the fibrino- 
gen contained therein had been removed by a process of defibrination, 
similar to that occurring during the whipping of blood for the removal 
of the fibrinogen im vitro, the fibrin being found as delicate threads upon 
the pleural or peritoneal surfaces. This is in entire agreement with the 
conclusions drawn by: Denny and Minot and opposed to the recent 
report by Van Herwerden. 


SUMMARY 


Normal unclotted blood, which has been injected intratracheally 
into rabbits immediately after withdrawal from the internal jugular 
vein, is rapidly aspirated into the finer air divisions, where it is retained 
and induces a proliferative reaction on the part of the pulmonary tissues. 
Coincident with the cellular infiltration there occurs a gradual change 
and diminution of the pigmentary parts of the red blood corpuscles 
which may result in complete disappearance of the latter in from one 
to four weeks, depending upon the amount of blood lodged in a 
given area. After all local pigment has disappeared there still remains 
a distinctly palpable induration at the site of localization, due to the 
proliferative pneumonitis occasioned by the presence of the blood in 
the finer pulmonary divisions, and this may in cases persist longer than 
four weeks. Contrary to the generally accepted idea, a large amount of 
the intratracheally injected blood is retained in the lungs of rabbits, 
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in conformity with the recent study by Mullin and Ryder (10) and Cor- 
per and his co-workers (1) (4) (11) on liquids containing particulate 
matter. 

Normal unclotted blood, which has been injected into the pleural 
or peritoneal cavities of rabbits immediately after withdrawal from the 
internal jugular vein, undergoes a defibrination within a short period 
of time (less than one hour) with the formation of very fine fibrin net- 
works upon the pleural or peritoneal surfaces. The blood withdrawn 
from the pleural or peritoneal cavity is of approximately normal calcium 
content, and has suffered no other apparent changes save those due to 
the defibrination during its residence in these body cavities. This is 
in conformity with the findings obtained by Denny and Minot (loc. cit.), 
and the more general conclusions drawn by Henschen and his colleagues 
(12) regarding the immediate change occurring in blood resident in all 
body cavities, where extravasated blood may enter and be agitated by 
visceral movements, the speed of coagulation being determined by the 
rate of agitation; hence the rapid pericardial effect as compared to that 
obtained in other serous cavities. 

In view of previous studies by us in which posture was found to be 
a determining factor in the pulmonary localization of fluids containing 
particulate matter and the tendency for blood retention in the lungs, 
as indicated by the above studies, it seems that in pulmonary hemorrhage 
due emphasis should be laid upon posture, both for promoting hemo- 
stasis in the bleeding lung by the hydrostatic pressure exerted by the 
blood itself on the seat of hemorrhage and for preventing an aspiration 
into sound pulmonary tissues. It follows from the above studies that 
in pulmonary hemorrhage the bleeding lung should be kept in the lower- 


most position. 
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THE LACK OF ACID-FASTNESS OF TUBERCLE BACILLI IN 
TISSUES PRESERVED IN FORMALDEHYDE 


A. C. STARRY anp MAX GOLDBERG 


Research Department, National Jewish Hospital for Consumptives, Denver, Colorado 


During the course of studies on the production of pulmonary tuber- 
culosis by dead tubercle bacilli in dogs, Dr. H. J. Corper obtained lung 
tissue which had been placed in glycerol-formalin solution for several 
weeks. After failing to find tubercle bacilli by the usual sectioning and 
staining methods, he requested that we undertake to discover the source 
of the trouble, since he felt fairly confident that there should be plenty 
of bacilli present in these tissues and that, unless the technique was in 
error, it might be possible that a chemical means of stimulating or 
demonstrating lysis of tubercle bacilli had been accidentally found, the 
glycerol-formol acting as a slow tissue fixative and permitting an action 


not possible with the more rapid tissue fixatives containing mercury or 
alcohol. 


The following technique for preparing and staining sections for tubercle 
bacilli, considered as reliable and obtained from a study of the various 
methods recommended in standard text books, was used in the original 
part of this study: (1) Tissue placed in 10 per cent formalin until fixed; 
(2) tissue placed in 95 per cent alcohol for 6 hours; (3) tissue placed in 
absolute alcohol for 6 hours; (4) xylol for 30 minutes, two changes; 
(5) paraffin at 56°C. for 12 hours; (6) block in paraffin; (7) cut sections 
2 to 6 »; (8) float section on warm carbol-fuchsin sufficiently long to stain 
bacilli; (9) wash in water; (10) differentiate in 20 per cent nitric acid; 
(11) wash in two changes of water; (12) counterstain with Loeffler’s 
methylene blue; (13) wash in tap water; (14) put on slide with film of 
albumin fixative and blot off excess of water; (15) warm slide until paraffin 
melts, cool and dip in xylol to remove paraffin; (16) blot several times out 
of xylol, if not clear; (17) mount in balsam with cover glass. 

Specimens of dog’s lungs which had been in the formalin for a few 
weeks and were sectioned and stained by the above method were entirely 
negative microscopically for tubercle bacilli. The dogs from which the 
tissues were obtained had received by aspiration into the lungs large 
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amounts of heat-killed human and bovine tubercle bacilli, from one 
to four months prior to our obtaining the tissue. Several specimens of 
markedly tuberculous guinea pig’s spleen were placed in mercuric 
chloride for several hours, in 95 per cent alcohol for several days and in 
10 per cent formalin for six days. The specimens fixed in mercuric 
chloride and alcohol revealed characteristic tubercle bacilli while the 
formalin specimen was negative. 

To determine more accurately the length of time required for formalin 
to inhibit the acid-fast staining property of human and bovine tubercle 
bacilli contained in tissues, tuberculous spleen from a guinea pig infected 
with human bacilli and tuberculous lung from a rabbit infected with 
bovine bacilli were placed in 10 per cent formalin and a piece of each 
removed after 1, 3, 6, 12 and 14 days, placed in alcohol and passed 
through the procedures. as given above. 

Sections of the tissue from the sixth day and thereafter contained no 
acid-fast bacilli, but they were still discernible, having taken the blue 
counterstain. After twelve days practically all staining property, even 
that of the counterstain, was absent. On the first and third days the 
bacilli stained well and appeared to take a more intense and diffuse red, 
making the bacilli seem larger than in the control tissues fixed in mercuric 
chloride or alcohol. In order to note for comparison the effect of forma- 
lin on the bacilli alone, not in tuberculous tissues, smears of bacilli were 
attached to slides by albumin fixative and heat, and then, without 
heating the bacilli in any way, the slides were placed in jars containing 
10 per cent formalin in the incubator and specimens removed after 
1, 2 and 6 hours, 1, 2, 3 and 6 days, and 2 and 4 weeks. The bacilli, 
however, always stained well by the usual carbol-fuchsin method as 
applied to sputum. Ten per cent formalin placed in a culture tube 
heavily grown with tubercle bacilli also had no perceptible effect upon 
the subsequent carbol-fuchsin staining properties of these bacilli even 
after one month’s contact, provided the bacilli were washed free from 
formalin before staining. 

Thus far in the course of the study it seemed highly probable that the 
formalin had an action upon tubercle bacilli in tissues that was not ex- 
ercised upon the bacilli themselves in either cultures or smears from 
cultures. Thinking it highly probable that this action might be of an 
enzymatic nature, it was planned to test this out. The general plan 
adopted was to use pieces of tuberculous tissue (guinea pig’s spleen and 
rabbit’s lung). One specimen was heated in sterile saline solution for 
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one hour, to destroy the enzymes. It was then placed in 10 per cent 
formalin. A part was then removed for sectioning and staining after 
1, 3, 6 and 9 days in formalin, and the findings were compared with those 
on a similar piece of tuberculous tissue placed in 10 per cent formalin 
without heating as control, pieces of which had been fixed in 95 per cent 
alcohol to preserve the staining properties of the bacilli. In general, 
there was a loss of carbol-fuchsin staining ability of the tubercle bacilli 
in both the heated and unheated tissues placed in formalin. 

Coincident with the above experiments, tissue extracts, prepared from 
normal and tuberculous tissues treated with toluol and formalin, were 
mixed with suspensions of tubercle bacilli, and smears from these mixtures 
were examined after intervals of 1, 3, 6, 9 and 12 days at room tem- 
perature. The purpose of this experiment was to determine whether 
enzymes produced the change in staining property. The method used 
was briefly as follows: Ground up tissues (normal liver, spleen, kidney, 
tuberculous liver, spleen and lymph nodes) were mixed with sufficient 
pure formalin to attain an approximate concentration of 10 per cent 
or were covered with a few cubic centimetres of toluol and placed in the 
incubator at 37°C. for 24 hours, after which they were passed through 
cheese cloth. To the filtrate was added a small drop of a suspension of 
virulent human tubercle bacilli, containing about 0.01 mgm. of culture, 
and the whole was well mixed to insure a uniform distribution of the 
bacilli. The mixtures were kept at room temperature and well corked, 
and smears were made on slides immediately and after 1, 3, 6, 9 and 12 
days. The smears were then washed in 95 per cent alcohol and stained 
with warm carbol-fuchsin. The results of this experiment were irregular 
and inconstant, since some of the specimens contained stained bacilli 
after they had once completely lost their carbol-fuchsin staining prop- 
erties. 

The foregoing two experiments led to the conclusion that the entire 
phenomenon may be one of a purely mechanical or chemical nature, 
attributable to the formalin, since heating of the tuberculous tissues did 
not prevent the action of the formalin upon the tubercle bacilli and 
since the irregular results of the last experiment might possibly be due 
to some mechanical washing-out process which, when sufficient, would 
still permit the staining of the tubercle bacilli. 

It was during this part of the study that several of the sections, taken 
from the tuberculous tissues, which had been placed in 0.9 per cent 
sodium chloride solution in a tube kept in boiling water for one hour and 
had been in formalin for nine days (being free from bacilli, by the method 
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described in the early part of this paper, were handled in a different way. 
Instead of staining the paraffin section, the paraffin was first removed 
with xylol and the xylol then removed by 95 per cent alcohol. Stained 
with warm carbol-fuchsin and counterstained with methylene blue, 
bacilli were found, although not as readily as in the alcohol-fixed tissues. 

The experiments thus far performed made it seem highly probable 
that the entire trouble in the staining of the tubercle bacilli in the tissues 
might easily be attributable to the formalin per se, although the presence 
of the paraffin in the sections might retard the easy washing out of the 
formalin from the tissues. This proved to be the case, for, if sections 
were stained after the removal of the paraffin by means of xylol followed 
by 95 per cent alcohol to remove the xylol, and were then washed in 
two per cent pure ammonia water followed by a few changes of water to 
remove the ammonia water, staining with warm carbol-fuchsin followed 
by the methylene blue counterstain would reveal all the bacilli stained 
an intense and diffuse red that was seemingly deeper and more distinct 
than when sections were fixed in mercuric chloride or alcohol. The exact 
action of the ammonia water in hastening the removal of the formalin 
from the tissues is probably of a complex nature and is not fully under- 
stood; but the rationale of its use in this case was its well known power 
to combine with formalin chemically, as is exemplified in the volumetric 
formol titration method. This would also account for the greater 
efficiency of the ammonia water over the sodium carbonate for the 
purpose of removing the formalin from the tissues. It is also to be noted 
that mere removal of the paraffin, by means of xylol followed by alcohol, 
was not in itself sufficient to restore the staining properties of the bacilli, 
probably because the formaldehyde was to a certain extent chemically 
combined with the tissues and required a chemical action rather than a 
mere mechanical washing out for complete removal. Sodium carbonate 
in 3 per cent concentration acted like the ammonia water in removing the 
formalin from the tissues, but it proved less satisfactory. 

The modified method finally chosen for the staining of tubercle bacilli 
in tissues preserved in formalin was the following: 

1. Tissue is placed in 10 per cent formalin until well fixed. 

2. From the formalin the tissue is placed in 95 per cent alcohol, two 
changes of 12 hours each. 

3. Transfer tissue to absolute alcohol for 12 hours. (It is not neces- 
sary to wash the tissue in running water to remove the formalin by this 
method.) 

4. Transfer tissue to xylol, two changes, at least 30 minutes each. 
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5. Place tissue in paraffin at 56°C. for about 13 hours. 

6. Block tissue. 

7. Cut sections 3 to 6 uw thick. If sections curl on cutting, float them 
on warm alcohol to straighten them out. 

8. Place sections on xylol for about 10 seconds to remove the paraffin. 

9. Pick section up on spatula and place in absolute alcohol to remove 
the xylol. 

10. Carry section into 2 or 3 per cent pure ammonia water for about 
3 minutes to remove formaldehyde from the tissues. 

11. Wash section in two changes of tap water. 

12. Transfer section after last washing into warm carbol-fuchsin for 
2 to 5 minutes. 

13. Differentiate in 20 per cent nitric acid. 

14. Wash thoroughly in tap water, two changes to remove acid com- 
pletely. If section is still red, differentiate further until section is almost 
colorless. 

15. Counterstain with Loeffler’s methylene blue. 

16. Wash thoroughly in water. 

17. Place section on slide and blot carefully until almost dry. 

18. Place slide with section in xylol. 

19. Blot until section is entirely clear of xylol and then mount in 
balsam for examination. : 


SUMMARY 


Tuberculous tissues preserved in solutions of formaldehyde (10 per 
cent formalin) are not suitable for staining the tubercle bacilli contained 
therein by means of carbol-fuchsin, unless the formaldehyde has been 
completely removed, preferably by chemical means, and the penetration 
of reagents aided by complete removal of the paraffin from the section 
before staining. Ammonia water has proved satisfactory for removing 
the formaldehyde from the formalin-fixed tissues. A method, based on 
these studies, is given in detail for staining tubercle bacilli in formalin- 
fixed tissues which seems to reveal the bacilli as more diffusely and 
intensely stained than in tissues fixed in alcohol or mercuric chloride. 
Lysis of human or bovine tubercle bacilli i vitro, free or in tissues, 
discernible by staining methods, still remains to be satisfactorily 


demonstrated. 


We wish to express our appreciation to Dr. H. J. Corper for kind codperation and 
guidance throughout this study. 


HELIOTHERAPY FOR TUBERCULOSIS AT 
HOHENLYCHEN (BERLIN) 


WOLRAD WINTERBERG 


San Francisco, California 


On March 1, 1914, the Society for Public Sanatorial Institutions of 
the Red Cross in Hohenlychen turned over to Professor August Bier 
of the University of Berlin thirty beds for the treatment of tuberculous 
patients with hyperaemia, heliotherapy and iodine combined. Owing to 
the great number of applicants, one hundred more beds were added to 
this number and, shortly afterwards, ninety more. At the time when 
it was my good fortune to visit this institution, the number of beds was 
over four hundred. With such a large material, it was demonstrated to 
everybody’s satisfaction that the most advanced cases with excessive 
fistulation were healed in Hohenlychen in at least the same time as it 
would take in the Swiss mountains with heliotherapy alone. At the 
same time, it was found that under the combined sunlight-hyperaemia- 
iodine treatment any sequester would be completely resorbed and the 
cavity be filled up again with newly formed bone. This is certainly a 
most surprising feature of the treatment and one that at the same time 
is most beneficial to the patient, who is saved the usual bloody operation 
for the removal of the sequester. 

It is well known that, under the influence of solar radiation, a painful 
erythema, and later, under continued radiation, a gradually increasing 
brown discoloration of the unprotected skin makes its appearance. 

Why the acute effect of solar radiation is an erythema and the chronic 
after-effect a pigmentation is a question that is still under discussion. At 
first it was believed that the caloric rays, which are the most numerous 
in the solar spectrum, were responsible for the erythema but, without 
any experimental proof, this idea was not convincing. Charcot, op- 
posing this opinion, was the first to claim that the ultraviolet rays were 
the cause of the erythema and subsequent pigmentation. 

Widmark was the first to try to settle the question by experimentation. 
He sent all the rays of an electric arc lamp of 1200 candle-power through 
an ordinary glass plate, by which the ultraviolet rays were being more 
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or less eliminated, while, by interposing a stratum of cold water for 
nullifying the effect of the caloric rays, these also were deprived of their 
caloric effect. He thus found that without the violet rays there was no 
erythema or pigmentation, while radiation with simultaneous elimina- 
tion of the caloric rays brought out both changes of the skin. 

Kisch claims that from these experiments we cannot draw the con- 
clusion that the caloric rays are not capable of producing erythema or 
pigmentation, especially in view of his own observations in the treatment 
of dozens of patients with an oxygen-acetylene or an osram lamp. In 
both cases, there are almost exclusively the caloric rays to be considered. 
The effect of both these apparatuses is regularly the same. The distance 
from the source of light is the same (100 cm.); and shortly after the 
beginning of radiation the skin shows a general redness of the radiated 
area, which lasts for several hours. After several sittings this red color 
is replaced by the characteristic brown of pigmentation. Kisch says 
that he has found the same phenomena occurring in all cases subjected 
to artificial radiation of his two lamps and it seems to be positively 
proved that the erythema with the pigmentation following is due ex- 
clusively to the red and infrared rays, for in the two lamps used by him 
there are no violet or ultraviolet rays to be generated. 

Further proof that Charcot’s and Finsen’s opinion, that the caloric 
rays are not capable of causing pigmtntation, is not in accordance with 
fact, is found in the circumstance that patients who have been treated 
for a certain time with Bier’s hotair box show decided pigmentation of 
the exposed parts: it is then impossible here for anything else but the 
intensive heat to lead to this effect. The best proof that the violet 
and ultraviolet rays alone are not able to produce pigmentation of the 
skin is the fact that patients, who have been radiated by natural sun- 
light during the summer months and have acquired a deep brown pig- 
mentation, soon lose the latter again when treatment with the quartz 
lamp is continued in winter. This observation was made by Kisch 
on all his cases without exception and was verified by Axmann (1). 

Unna was among the first to express the opinion that nature provided 
pigment as a protection against the injurious effects of the chemical 
rays. Finsen tried to bring experimental proof for this theory by paint- 
ing the middle third of the arm with lamp black and then exposing it for 
three hours to intense solar radiation. On cessation of the radiation and 
removal of the black paint, those parts of the arm that had been exposed 
to the full solar radiation showed considerable ‘reddening while that part 
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which had been protected by the lamp black showed the normal pale 
color of the skin. In the next few hours the reddened portion increased 
its redness until it had the characteristic appearance of an erythema 
solare, and this gave way after a few days to strong pigmentation. He 
now exposed the arm once more to the sunlight, but without the use of 
black paint, and found that the still white portion of the arm showed avery 
strong reddening, while the pigmented portion did not show any change 
at all. Rollier thought that the pigment was for the purpose of trans- 
forming the short-waved rays of the sunlight into long-waved ones. 
He says that since deep tissues affected by tuberculosis heal after the 
patient has become pigmented, we must conclude that the pigment itself 
has made possible a deeper penetration of the long-waved rays. He 
made no experiments to support this theory. Kisch does not accept 
it, but thinks that Finsen’s experiment is proof positive that pigmentation 
serves to prevent further injuries, such as burns. He says, furthermore, 
that regulation of temperature is not brought about by reflection of the 
caloric rays, but by radiation in greater or lesser degree. He has tried, 
by numerous measurements, to support his idea of the physiological 
role of pigment, and has arrived at the conclusion that the pigment takes 
the part of a regulator of temperature. 

Another question concerns the brilliant results of heliotherapy in 
bone and joint disease. 

We know that the penetration of the red and infrared rays does not 
exceed 2 or 2.5 cm. in the inside of the hand, so that a direct contact of 
the rays with the deeper layers of tissues, for instance, in coxitis, is 
impossible; yet these cases heal just as well and just as nicely as super- 
ficial tuberculous lesions. We are thus compelled to look for an indirect 
effect; and this is, as Kisch claims, due to the red and infrared sun rays, 
which are found in large numbers in the solar spectrum and which convey 
high temperatures to the affected parts. 

The heat of sunlight naturally causes a rise of temperature of the 
skin. If the skin is exposed suddenly and without previous preparation, 
the next result will be painful reddening with subsequent pigmentation; 
but if we increase the length of time gradually, the body develops pig- 
ment. Besides the pigment, the hyperaemia also protects against burn- 
ing by the sun, by increasing the velocity of the blood flow, and so 
reducing the temperature of the respective parts. Bier has tried the 
following experiment to prove that a very swift blood current will enable 
one to stand very high heat: He created, by an elastic constriction of 


1122 WOLRAD WINTERBERG 


the arm, a marked hyperaemia. He then introduced the hyperaemic 
member into a hotair box, kept at an even temperature of 145°C. This 
high temperature was tolerated quite well. After now removing the 
arm from the hotair box, he allowed it to cool until it again assumed a 
normal pale color, whereupon it was put back again in the same hotair 
box at 145°C. After a few seconds, Bier had now to withdraw it owing 
to intolerable burning. 

Kisch proved experimentally that the sun, not only theoretically but 
actually, produces a certain amount of hyperaemia. To accomplish 
this, he exposed one extremity of a patient to the sun’s rays, while the 
other one was entirely protected against the sun. After thirty minutes 
of radiation, by means of a Franck needle, which protruded exactly 
2 mm. out of its sheath, a puncture was made in the thigh, and precisely 
one minute later a drop of blood was seen and sucked up with a graduated 
pipette. The other thigh was treated in the same way. After about 
fifty such experiments, it was found that the average quantity of blood 
was between two and three times as much as on the side that had not 
been radiated. 

It is well known that in summer there is an increase in the growth of 
hair and nails. A striking effect of solar hyperaemia was also noticed 
by Kisch in hundreds of patients who had been radiated there at Hohen- 
lychen and who showed an -astonishing development of the muscles. 
This fact could not be explained by abundance of nourishment, for it 
happened during the war, when most people did not have sufficient food 
to hold their own weight. 

Now, the longer the radiation is kept up, the more intense will be its 
hyperaemic effect on diseased tissues. Consequently, they will be 
liquefied. As a result, suppuration will be increased and a more intense 
liquefaction take place. In the same proportion, the increased secretion 
of pus will be again reduced, the creamy appearance giving way to a more 
serous secretion, which will assume a serosanguinous character towdrd 
the end. 

The effect of solar radiation on the deeper tissues is not only of a 
degenerative character. It is also of a regenerative kind. Completely 
destroyed bony tissue will be replaced by new. On roentgen photo- 
graphs I have seen how the head and neck of the femur had been reformed 
almost to their normal shape and size. ; 

Kisch says that, from his observations in Rollier’s clinic in Leysin, 
he had come to the conclusion that the effect of the sun was altogether a 
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hyperaemic one, because, like the sun, the stasis produced by Bier’s 
method increases liquefaction of the fungoid tissues and of suppuration. 
It is for this reason that Bier says that cold abscesses, formed as a result 
of stasis, do not mean a recrudescence of disease, but are a necessary 
phase in the evolution of tuberculosis. 

Under solar radiation abscesses also will be met with, but these are 
much rarer and smaller than those that follow the hyperaemia produced 
by the elastic bandage which, under certain conditions, reached such 
dimensions that Bier suggested the administration of sodium iodide, 
which, when given a half-hour before the application of the bandage, 
prevented the formation of such immense abscesses. After all, both 
kinds of abscesses have one characteristic feature; that is to say, there is 
in neither case a question of the formation of a new focus of disease, but 
simply 4 liquefaction of fungoid material and its elimination from the 
cavity. Of great importance is the analgesic effect of either solar or 
mechanical hyperaemia, which may be explained as Ritter (2) did in 
reference to Bier’s hyperaemia, that is, that by the warmth produced in 
the radiated parts a dilatation of the vessels takes place and, as a result 
of this, blood serum will be extravasated in the diseased tissues. By 
this oedematization of the end nerves, their conductibility will be con- 
siderably impaired. 

The analogies of both solar and mechanical hyperaemia caused Kisch 
to try a combination of both methods. As he says himself, these ex- 
periments produced results which surpassed all expectations. Joints 
that at the beginning of the treatment were so tender that even the least 
motion of the bed caused great pain, very shortly become insensitive to 
pressure. The flow of pus from the fistulae will at first be surprisingly 
increased, but it just as quickly decreases and stops entirely. Sequestra, 
sometimes several at the same time, will be completely resorbed in a 
relatively short time, and their cavities will be totally filled with normal 
bony tissue. A most important question is whether the therapeutic 
value of solar radiation is confined to the high mountains. If so, the 
blessings of heliotherapy will be accessible only to the richer class of 
patients; while the less fortunate classes of patients call for a treatment 
which will restore them to health without mutilating operations and the 
expense of long journeys. i 

Bernhard based his conclusions on the results of Langley’s investiga- 
tions, who found that the sun lost, on its way of 320 km. length through 
the atmosphere, 58 to 61 per cent of the violet and ultraviolet rays, 


1124 WOLRAD WINTERBERG 


while, at the same time, only 24 to 30 per cent of the red and infrared 
rays was being lost. The loss of the red and infrared rays is therefore 
essentially less than that of the violet and ultraviolet rays. ‘That the sun 
in the lowlands is in no way inferior in its effects has been certainly 
demonstrated by the brilliant results obtained in Hohenlychen during a 
period of six to eight years. These compare favorably with results in 
any of the high mountain institutes. 

As to Bernhard’s remark that it will be often necessary to diminish the 
radiation in summer, owing to the higher temperature in the lowlands as 
_ compared with the lower temperature of the mountains, Kisch says that 

this theoretical objection in no way corresponds with his own practical 
experiences. Except in a few very old and decrepit patients, in more 
than six years of actual practice, he has never been obliged to reduce the 
radiation in summer. 

We are therefore justified in saying that no difference exists between 
solar radiation in the mountains and that in the lowlands in summer, 
that in spring and fall the difference is only very slight, and that any 
difference that may exist in winter can be eliminated by the use of artifi- 
cial apparatus and Bier’s hyperaemia. 

Now, with all its brilliant results in tuberculosis, heliotherapy has yet 
the serious disadvantage that the sun does not always shine. In order to 
obviate this untoward occurrence, we must have recourse to the various 
mechanical contrivances by which we try to imitate solar radiation as 
closely as possible. Bach, having erroneously followed the theory that 
the violet and ultraviolet rays were those which we needed for their 
curative effects, constructed the so called quartz lamp, which, by means of 
mercury vapors, produces an extraordinary number of violet and ultra- 
violet rays. The generation of this light takes place in a quartz cylinder 
of 12 cm. length, because glass will stop the passage of the aforesaid rays, 
while quartz allows their absolutely free passage. Inasmuch as these 
rays are exceedingly irritating to the skin, Kisch has devised a method by 
which he has succeeded in preventing the highly undesirable burns. 
He always begins treatment with only a three-minute radiation, at a dis- 
tance of 150 cm. from the quartz cylinder to the skin. On the following 
day, the time is extended to five minutes, and on every following day five 
minutes more is added until a total of thirty minutes has been reached. 
The distance is then shortened by 25 cm., when a temporary shortening 
of the radiation down to ten minutes is necessary, after which a daily 
increase of ten minutes is in order. 
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In cases of general radiation, Kisch does not extend the time of radia- 
tion beyond thirty minutes at a distance of 100 cm., but in local radiations 
he intensifies the action of the lamp by cutting down the distance by 25 
cm. and then increases in similar intervals the duration of radiation from 
ten to thirty minutes. 

It is evident that the quartz lamp cannot be a substitute for solar 
radiation, unless it is true that the beneficial effect is principally due to 
the chemical rays. Now, the solar spectrum shows at a glance that these 
rays exist in sunlight in only relatively minimal quantities, while the 
red and infrared rays, of which there are none in the quartz lamp, abound 
in it. From this fact, it does not follow that this lamp is worthless. 
As a matter of fact, it exerts an appreciable therapeutic influence, but 
only on superficial morbid processes, such as on skin diseases. But it 
is not entitled to the name, artificial altitude sun, as it is a cold source of 
light, essentially composed of chemical rays. 

In order to replace sunlight several lamps have been devised. One is 
known as the Aureol lamp, another is the Oxygen-Acetylene lamp. Both 
are still more or less in an experimental stage; or, to be exact, they are 
principally for local radiation. For general radiation, there has been 
built, after Kisch’s design, an apparatus that consists of a larger number 
of incandescent lamps capable of producing considerable heat. ‘These 
are so arranged that a larger or smaller number of them may be used at 
one time, to suit the necessities of the case. Experiments have demon- 
strated that the aforesaid mechanical contrivances are capable of pro- 
ducing higher temperatures than is solar radiation. The hyperaemic 
effect is therefore also stronger and of longer duration than that produced 
by natural solar radiation. 

From the foregoing, it is evident that, independently of the season 
of the year or of atmospheric conditions, radiation may be continued 
during the whole year without any interruption and in any country, 
high or low. 

It remains to mention the X-ray as a therapeutic agent for tuberculosis. 

Statistics show that its best results are being obtained in the treatment 
of tuberculous lymph nodes of the neck, lupus and scrofuloderma. 
Results in tuberculosis of bones and joints have been rather uncertain; 
and we accomplish some improvement in such cases only when the 
disease is rather superficially located, as, for instance, in the ribs, sternum, 
fingers, toes, metacarpus and metatarsus. 

Kisch warns against the use of X-rays in children and adolescents, 
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basing this warning on observations on patients made by him after they 
had been treated without good results with X-rays and in which, not 
rarely, disturbances of the natural growth of the parts so treated 
apparently had taken place. 

He furthermore says that it might be advisable, in order to shorten 
the healing process, to employ X-rays in combination with sunlight, 
in cases of fungoid joints that resist, sometimes for months, solar radia- 
tion alone. He also points out the fact that roentgen treatment attacks 
only the focus of disease without exerting any influence on the body in 
general, while the great advantage of solar radiation and open air treat- 
ment consists in its power to heal, not only the visible, but also the 
invisible and latent foci. From my own observations, I might add that 
the roentgen treatment is not free from danger, for I have seen cases 
treated by it in which very serious and sometimes even fatal burns 
resulted. 

The Bier method of artificial hyperaemia by constriction during 
only one hour was again abandoned, because of its insufficient effect, 
and was supplanted by the so called ‘duration constriction’ lasting 
seven days. In this manner, the hyperaemia was, it is true, considerably 
increased, but it was also occasionally followed by the formation of 


unusually large cold abscesses. In order to prevent this untoward 
complication, Bier recommended the simultaneous administration of 
iodine. 

In Hohenlychen the treatment is now as follows: 


The patients are constricted three times of four hours each, with an inter- 
mission of one hour after each application of the elastic bandage, and ten 
minutes before the bandage is applied a dose of sodium iodide is administered. 
The daily quantity is, for fully grown patients, 3.25 gm.; patients between ten 
and fourteen years, 1 gm.; and those under ten years, 0.5 gm. Under this 
treatment, new foci are not only prevented, but abscesses that might be 
present are also completely resorbed. That iodine has a specific influence 
upon tuberculosis has long been known; but Bier has pointed out that in the 
hyperaemic region a more lasting retention of the iodine takes place, a fact 
which was corroborated experimentally by Salomon. The iodine, in the above 
doses, is, generally speaking, well borne by grown patients as well as by 
children. If, in exceptional cases, any disturbances, such as coryza, intestinal 
catarrh or acne should occur, it is only necessary to stop temporarily its 
administration. 

In applying the elastic bandage, it is important not to use too much force, 
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so that the deeper arteries are not constricted, in which case, instead of 
hyperaemia, anaemia would result. It is also important to see to it that the 
elastic bandage is not applied too close to the diseased parts, particularly in 
cases of tuberculosis of the joints. It is good practice, according to Kisch, 
to apply the constriction to the arm or the thigh, if the disease is in the wrist 
and fingers or in the foot or toes. 

When there is a tuberculous focus in the hip joint itself, hyperaemia of it is 
effected in the same way as in Momberg’s anaemia by means of a massive 
rubber tube applied all around the pelvis above the crests of the iliac bones. 

For hyperaemia in the extremities, rubber bandages of 6 cm. width are used. 
They are laid on in such a manner that the individual turns of the bandage 
do not overlap one another, but take up a broad space, a technique recom- 
mended for the purpose of avoiding injuries to the skin or muscular atrophy. 
In small children, the bandage does not exceed a width of 4 cm., while for the 
well-developed thighs of grown patients a stouter bandage is advisable. 

The technique of the solar treatment varies according to the ideas of the 
various operators. Bernhard, for instance, practised, in conjunction with 
local radiation, general sun and open air treatment; while Rollier starts with 
local and general radiation simultaneously. In order to prevent the very 
painful erythema solare, the latter establishes tolerance by first radiating the 
dorsum of the foot and then increasing the area gradually until the whole of 
the skin surface has been subjected to the radiation. 

Kisch, considering the full sun bath as a highly important factor of helio- 
therapy, employs it together with local radiation most conscientiously. He 
does not consider the great value of general radiation as due to the formation 
of pigment over the whole body, but rather to the hyperaemic effect of the sun 
rays. In order to prevent too intense an effect from the simultaneous applica- 
tion of mechanical hyperaemia and solar radiation, he begins with general 
radiation and hyperaemia of the focus. After a week local radiation is added. 
By special treatment, the patients are prepared for the solar treatment; that 
is to say, at their arrival in the institute, they are, after the fatigue of their 
journey, rested in bed, and after three days carried out to the half-covered 
gallery in order to become gradually used to the open air life. One hour is 
spent there; while on the second and third days, this time is extended to two 
and three hours. On the sixth day after the arrival of the patient, real treat- 
ment begins. The following scheme shows how the whole front and back of 
the patient are gradually accustomed to solar radiation: 

First day: Rest in bed: open window. 

Second day: Rest in bed: open window. 

Third day: One hour open air treatment on gallery. 
Fourth day: Two hours open air treatment on gallery. 
Fifth day: Three hours open air treatment on gallery. 
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Sixth day: Beginning of radiation and hyperaemia. Five minutes’ radiation 
of dorsum of either foot three times. 

Seventh day: Five minutes’ radiation of legs three times. Ten minutes’ 
radiation of legs or feet (dorsum) three times. 

Eighth day: Five minutes’ radiation of knees three times. Ten minutes’ 
radiation of legs three times. Fifteen minutes’ radiation of feet 
(dorsum) three times. 

Ninth day: Five minutes’ radiation of thighs three times. Ten minutes’ 
radiation of knees three times. Fifteen minutes’ radiation of legs 
three times. Twenty minutes’ radiation of feet (dorsum) three times. 

Tenth day: Five minutes’ radiation up to navel three times. Ten minutes’ 
radiation of both thighs three times. Fifteen minutes’ radiation of 
both knees three times. Twenty minutes’ radiation of legs three times. 
Twenty-five minutes’ radiation of feet (dorsum) three times. 

Eleventh day: Five minutes’ radiation up to nipples three times. Ten minutes’ 
radiation up to navel three times. Fifteen minutes’ radiation of both 
thighs three times. Twenty minutes’ radiation of knees three times. 
Twenty-five minutes’ radiation of legs three times. Thirty minutes’ 
radiation of feet (dorsum) three times. Beginning of local radiation. 

Twelfth day: Five minutes’ focus radiation three times. Five minutes’ radia- 
tion of back of both legs three times. 

Thirteenth day: Ten minutes’ radiation of focus three times. Five minutes’ 
radiation of back of both- thighs three times. Ten minutes’ radiation 
of back of legs three times. 

Fourteenth day: Twenty minutes’ radiation of focus three times. Five 
minutes’ radiation of buttocks three times. Ten minutes’ radiation 
of back of both thighs three times. Fifteen minutes’ radiation of 
both legs three times. 

Fifteenth day: Thirty minutes’ focus radiation three times. Five minutes’ 
radiation of the back three times. Ten minutes’ radiation of buttocks 
three times. Fifteen minutes’ radiation of both thighs three times. 
Twenty minutes’ radiation of both legs three times. : 

Sixteenth day: One hour of continuous radiation of focus. Two hours ‘of 
continuous general radiation. 

Seventeenth day: One and a half hours’ continuous radiation of focus. Three 
hours’ continuous general radiation. 

On the following days, the focus radiation as well as the general radiation 
is prolonged by one hour daily until a maximum of seven hours is reached. 

The patient’s head is protected by a white linen cap and the eyes by blue 
glasses. Incase of palpitation of the heart, an icebag is placed over the region 
of the heart during the radiation. 

Tuberculous abscesses, instead of being opened by broad incisions, as was 
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formerly the routine treatment, are now being evacuated by aspiration. In 
order to avoid the formation of fistulae, the aspiration needle is not introduced 
at the lower pole of the abscess, but the puncture is made at the upper part 
of the abscess. About 3 cm. above the upper end of the abscess, the aspiration 
needle is introduced subcutaneously through the skin and then, after a down- 
ward turn of the syringe, the needle is pushed on between skin and abscess 
until it has reached the middle of the pus sac, when, by an upward turn of the 
syringe, the needle is forced into the pus sac and the contents are withdrawn. 

In cases where the abscess again fills in a short time, it will be necessary to 
repeat the operation, sometimes twice or three times a day. One boy, who 
was just being punctured when I arrived at his bed side, told me with great 
exultation that he already had been punctured ninety-two times. 

Billroth added an injection of an emulsion of 10 per cent iodoform in 
glycerin to this treatment. The quantity used in grown patients is from 30 to 
60 cc., while in children it is safe to use from 10 to 15 cc. 


If we consider the splendid results of the above described methods, it 
is hard to understand why there are still so many operators who adhere 
to the old radical surgical treatment which cripples the patients and 
impairs their ability to support themselves and their families. 

All patients, who do not leave the institution entirely cured, are very 


much improved. They would have had the same chance for recovery as 
the other ones, but were unable to raise the funds necessary to await a 
complete cure. 

Few can deny that it is possible to practise heliotherapy anywhere, 
with all the inventions of modern science at one’s command; and there 
is no reason, except the present impoverished condition of Germany, 
why institutes of a similar kind to the one above described should not 
be built all over the country for combating tuberculosis. 
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CORRECTION 


The following corrections should be made in the paper, The Mechanism of 
Compensation in Pulmonary Tuberculosis and Its Relation to Physical Signs, 
by H. A. Bray, AMERICAN REVIEW OF TUBERCULOSIS, January, 1923, Vol. 
VI, pp. 1013-1023: On page 1014, second paragraph, figure 3 should read 
figure 6; on page 1015, second paragraph, figure 4 should read figure 7, 
figure 5 should read figure 3, figure 6 should read figure 4, and figure 7 


should read figure 5. 
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